Impact de l'utilisation des promoteurs de croissance en production animale sur la sélection de bactéries pathogènes d'origine intestinale, caractérisation de leur potentiel pathogène et de leur virulence by Lefebvre, Brigitte
IMPACT DE L'UTILISATION DES PROMOTEURS DE CROISSANCE EN 
PRODUCTION ANIMALE SUR LA SELECTION DE BACTERIES PATHOGENES 
D'ORIGINE INTESTINALE, CARACTERISATION DE LEUR POTENTIEL 
PATHOGENE ET DE LEUR VIRULENCE. 
par 
Brigitte Lefebvre 
These presentee a la Faculte des Sciences en vue de l'obtention du 
grade de Philosophiae Doctor (Ph.D.) en biologie cheminement microbiologic 
FACULTE DES SCIENCES 
UNIVERSITE DE SHERBROOKE 
Sherbrooke, Quebec, Canada, 22 juillet 2008 
A-J iJ fa 
1*1 Library and Archives Canada 
Published Heritage 
Branch 
395 Wellington Street 





Patrimoine de I'edition 
395, rue Wellington 
Ottawa ON K1A0N4 
Canada 
Your file Votre reference 
ISBN: 978-0-494-42629-6 
Our file Notre reference 
ISBN: 978-0-494-42629-6 
NOTICE: 
The author has granted a non-
exclusive license allowing Library 
and Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell theses 
worldwide, for commercial or non-
commercial purposes, in microform, 
paper, electronic and/or any other 
formats. 
AVIS: 
L'auteur a accorde une licence non exclusive 
permettant a la Bibliotheque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par telecommunication ou par Plntemet, prefer, 
distribuer et vendre des theses partout dans 
le monde, a des fins commerciales ou autres, 
sur support microforme, papier, electronique 
et/ou autres formats. 
The author retains copyright 
ownership and moral rights in 
this thesis. Neither the thesis 
nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author's 
permission. 
L'auteur conserve la propriete du droit d'auteur 
et des droits moraux qui protege cette these. 
Ni la these ni des extraits substantiels de 
celle-ci ne doivent etre imprimes ou autrement 
reproduits sans son autorisation. 
In compliance with the Canadian 
Privacy Act some supporting 
forms may have been removed 
from this thesis. 
Conformement a la loi canadienne 
sur la protection de la vie privee, 
quelques formulaires secondaires 
ont ete enleves de cette these. 
While these forms may be included 
in the document page count, 
their removal does not represent 
any loss of content from the 
thesis. 
Canada 
Bien que ces formulaires 
aient inclus dans la pagination, 
il n'y aura aucun contenu manquant. 
Le21juillet2008 
lejury a accepte la these de Mme Brigitte Lefebvre dans sa version finale. 
Membres dujury 
M. Francois Malouin 
Directeur 
Departement de biologie 
M. Brian Talbot 
Membre 
Departement de biologie 
M. Moussa S. Diarra 
Membre 
- Agriculture and Agri-Food Canada 
M. John Morris Fairbrother 
Membre externe 
Groupe de recherche sur les maladies infectieuses du pore (GREMIP) - Universite de Montreal 
M. Ryszard Brzezinski 
President-rapporteur 
Departement de biologie 
TABLE DES MATIERES 
TABLE DES MATIERES Ill 
ABREVIATIONS VI 
LISTE DES FIGURES X 
LISTE DES TABLEAUX XI 
LISTE DES ANNEXES XI 
SOMMAIRE XII 
MISE EN CONTEXTE DU PROJET DE DOCTORAT XIII 
INTRODUCTION 1 
1. Classification & Escherichia coli selon les serotypes 1 
2. Introduction aux E. coli diarrhegeniques 2 
2.1 E. coli enterohemorragique: EHEC 2 
2.2 E. coli producteur de shiga toxines: STEC 3 
2.3 E. coli enteropathogene: EPEC 4 
2.4 E. coli producteur de lesions de type attachant et effacant: AEEC 5 
3. Les E. coli extra-intestinal: ExPEC 5 
3.1 E. coli uropathogene: UPEC 5 
3.2 E. coli pathogene d'origine aviaire: APEC 6 
4. Escherichia coli 0157:H7, tout ce qu'il faut savoir a son sujet 7 
4.1 Origine du serotype 0157:H7 7 
4.2 Reservoir animal 8 
4.3 Modes de contamination 9 
4.4 Importance clinique 10 
4.6 Systeme de secretion de type III (SST3) 13 
4.7 Reorganisation du cytosquelette de la cellule hote et formation de piedestaux 18 
4.8 Interactions entre E. coli 0157:H7 et les cellules intestinales humaines 19 
4.9 Shiga toxines 19 
4.10 Modulation du systeme immunitaire par 0157.H7 23 
4.11 La colonisation de 0157:H7 chez lebovin et l'humain 25 
III 
4.12 Adhesines 25 
4.14 Resistance al'acide 28 
4.15 Urease 28 
4.16 Facteurs de virulence codes par le plasmide p0157 28 
4.16.1 Enterohemolysine 29 
4.16.2 Systeme de secretion de type II (SST2) 29 
4.16.3 TagA/StcE 30 
4.16.4 EspP 30 
4.16.5 KatP 31 
4.17 Prevention et traitement des infections a 0157:H7 chez l'humain 31 
5. Methodes d'epidemiologie moleculaire utilisees pour etudier 0157.H7 32 
6. La genomique comparative 35 
6.1 Un survol de la technologie des puces a ADN 35 
6.2 Le principe de la genomique comparative 36 
6.3 Les applications de la genomique comparative 36 
6.4 Des exemples d'etudes utilisant la genomique comparative chez 0157:H7 37 
7. Acquisition, transport, entreposage et utilisation du fer chez E. coli 38 
7.1 L'assimilation du fer... 38 
7.2 Les siderophores 38 
7.2.1 Les siderophores communs 40 
7.2.2 Le systeme TonB-ExbB-ExbD 42 
7.2.3 Les siderophores des bacteries pathogenes 42 
7.3 Utilisation du fer chelate auxproteines de l'hote 43 
7.4 Transport du fer ferreux (Fe2+) 43 
7.5 Transporteurs de metaux de type ABC 44 
7.6 La regulation des systemes de transport du fer 44 
8. L'hypermutabilite 46 
8.1 Theorie relative a l'hypermutabilite 46 
8.2 L'hypermutabilite chez les bacteries commensales et pathogenes 46 
8.3 L'hypermutabilite et la resistance aux antibiotiques 47 
IV 
9. E. coli 0157:H7 dans la production bovine 48 
9.1 La problematique de 0157:H7 chez lebovin deboucherie 48 
9.2 Methodes de detection de 0157:H7 chez le bovin de boucherie 49 
9.3 Methodes de controle de 0157:H7 chez lebovin deboucherie 50 
9.3.1 Les probiotiques 50 
9.3.2 Les antibiotiques et ionophores 50 
9.3.3 L'inhibition des voies metaboliques specifiques 51 
9.3.4 Les bacteriophages 51 
9.3.5 La vaccination 52 
9.3.6 Modification de la diete 52 
10. Promoteurs de croissance utilises au Quebec dans l'elevage bovin 53 
11. Promoteurs de croissance utilises au Quebec dans l'elevage aviaire 56 
12. Dangers associes a l'utilisation des promoteurs de croissance 57 
OBJECTIFS et HYPOTHESE DU PROJET DE DOCTORAT 60 
CHAPITRE 1 : Growth performance and shedding of some pathogenic bacteria in 
feedlot cattle treated with different growth promoting agents 65 
CHAPITRE 2 : Antibiotic resistance and hypermutability of Escherichia coli 0157 
from feedlot cattle treated with growth-promoting agents 92 
CHAPITRE 3 : Detection of virulence-associated genes in Escherichia coli 0157 
andnon-0157 isolates from beef cattle, humans and chickens 121 
CHAPITRE 4 : Relative cytotoxicity of Escherichia coli 0157:H7 isolates from 
beef cattle and humans and characterization of an atypical sorbitol 
fermenting 0157 bovine isolate using an in vitro organ culture system 153 
CHAPITRE 5 : Comparative genomic hybridization in sorbitol-negative non-0157 
Escherichia coli isolates from healthy broiler chickens 183 
CONCLUSION 216 
REMERCIEMENTS 219 






























Attaching and effacing E coli 
(E. coli producteur de lesions de type attachant et effacant) 
attaching and effacing lesions (lesions d'attachement et d'effacement) 
adhesines afimbriae 
amplified fragment length polymorphism 
(polymorphisme de longueur de fragments amplifies) 
adherent-invasive E coli (E. coli adherent et invasif) 
avian pathogenic E cpli (E. coli pathogene pour les especes aviaires) 
acide ribonucleique 
ARN ribosomal 
actine related proteins 
adenosine triphosphate 
bundle-forming pilus 
Cell-detaching E. coli (E. coli cyto-detachant) 
Cytolethal distending toxin-producing E. coli 
(E. coli cytolethale distendante) 
E. coli heam-utilization 
cytotoxic necrotizing factor (facteur cytotoxique necrosant) 
Diffusely adherent E. coli (E. coli a adhesion diffuse) 
desoxyribonucleic acid (acide desoxyribonucleique) 
Enteroaggregative E coli (E. coli entero-agregatif) 
EPEC adherence factor (facteur d'adherence associe aux EPEC) 
Enteroaggregative E. coli {E. coli entero-agregatif) 
Enterohemorrhagic E. coli (E. coli enterohemorragique) 
Enteroinvasive E. coli (E. coli enteroinvasif) 
Enteropathogenic E. coli (E. coli enteropathogene) 
E. coli s_ecreted proteins 
VI 
ETEC Enterotoxigenic E cpli (E. coli enterotoxigenique) 
Etp EHEC type II secretion pathway 
ETT2 E. coli type III secretion 2 
ERV Enterocoques resistants a la vancomycine 
ExPEC Extraintestinal pathogenic E. cpli (E. coli pathogene extra-intestinal) 
Fur ferric uptake regulator 
Gb3 globotriaosylceramide 
GrlA global regulator of LEE activator 
GrlR global regulator of LEE repressor 
HPI high pathogenicity island 
Iha b~gA homolog adhesin 
IL-1|3 interleukine 1|3 
IL-6 interleukine 6 
IL-8 interleukine 8 
IrgA iron-regulated gene A 
Iss increased serum survival 
IVOC in vitro organ culture (culture d'organe in vitro) 
LEE hcus of enterocyte effacement (locus d'effacement des enterocytes) 
Ler LEE encoded regulator 
Lpf long polar fimbriae 
LPS liporjolysaccharide 
Map mitochondrial-associated protein 
MCP-1 monocyte chemoattractant protein-1 
MLEE multilocus enzyme electrophoresis 
(electrophorese enzymatique multilocus) 
MLST multilocus sequence typing 
(typage par sequencage multiple de genes) 
MLVA multiple-locus VNTR analysis 


























mismatch repair system 
(systeme de reparation des mesappariements de l'ADN) 
multiple point controller 
Newborn meningitis/sepsis-associated K cpli 
(E. coli associe responsable de la meningite et de la septicemic neontale) 
Necrotoxic E. cpli (E. coli necrotoxique) 
Neutral Wiskott-Aldrich syndrome protein 
outer membrane protein (proteine de la membrane externe) 
open reading frame (cadre de lecture ouvert) 
pathogenicity island (ilot de pathogenicite) 
pyelonephritis-associated pili 
polymerase chain reaction (reaction de polymerisation en chaine) 
pulse field gel electrophoresis (electrophorese sur gel en champ pulse) 
polymorphonuclears 
purpura thrombotique et thrombocytopenique 
random amplified polymorphic DNA 
(ADN polymorphes amplifies au hasard) 
rabbit diarrheagenic Escherichia cpli (E. coli diarrheique chez le lapin) 
reticulum endoplasmique 
repetitive extragenic palindrome-PCR 
(amplification PCR de sequences repetitives non codantes) 
restriction fragment length polymorphism 
(polymorphisme de la longueur des fragments de restriction) 
repeats in toxin 
secreted autotransporter t_oxin 
Septicemic E cpli (E. coli septicemique) 
Salmonella iron transport 
Shiga-Hke toxine 
systeme nerveux central 





















systeme de secretion de type II 
systeme de secretion de type III 
systeme de secretion de type III secondaire 
Shiga toxin producing K coli (E. coli producteur de shiga toxine) 
secreted protease of CI esterase inhibitor from EHEC 
shiga toxines 
shiga toxine 1 
shiga toxine 2 
syndrome uremique hemolytique 
Tir cytoskeleton coupling protein 
translocated intimin receptor 
tumor necrosis factor-a 
transporteur ATP binding cassette 
temperature-sensitive hemagglutinin (hemagglutinine thermosensible) 
Uropathogenic E coli (E. coli uropathogenes) 
vacuolating autotransporter toxin 
variable number tandem repeat 
(repetitions en tandem en nombre variable) 
verotoxines 
V_erot_oxin-producing E. coli (E. coli producteur de Vero toxines) 
IX 
LISTE DES FIGURES 
Figure 1 Classification des EHEC, EPEC, STEC, AEEC 3 
Figure 2 Emergence du serotype 0157:H7 7 
Figure 3 Modes de transmission de 0157:H7 a l'humain 8 
Figure 4 Etapes menant a l'etablissement d'une diarrhee sanguinolente et du SUH lors 
d'une infection a 0157:H7 11 
Figure 5 Organisation du locus d'effacement des enterocytes (LEE) chez 0157:H7 13 
Figure 6 Appareil de secretion du systeme de secretion de type III chez 0157:H7 14 
Figure 7 Modele de translocation des effecteurs du SST3 et formation des piedestaux 
chez EHEC/EPEC 15 
Figure 8 Liaison entre une Shiga toxine et son recepteur Gb3 21 
Figure 9 Action des Shiga toxines au niveau des enterocytes humains et de 
l'endothelium des capillaires sanguins de 1'instestin, des reins et du cerveau 22 
Figure 10 Implication des Shiga toxines dans la pathogenese de 0157:H7 24 
Figure 11 Les types de siderophores retrouves chez E. coli 39 
Figure 12 Representation schematique des l'acquisition du fer chez E. coli grace 
aux siderophores 40 
Figure 13 Representation schematique des systemes de transport du fer chez E. coli 41 
Figure 14 Representation schematique de la regulation de 1'expression des systemes de 
transport du fer par Fur 44 
Figure 15 Modele de regulation par Fur et RyhB 45 
X 
LISTE DES TABLEAUX 
Tableau 1 Les effecteurs du systeme de secretion de type III chez 0157:H7 codes 
par le LEE 16 
Tableau 2 Les effecteurs du systeme de secretion de type III chez 0157:H7 codes a 
l'exterieur du LEE 16 
Tableau 3 Les variants stx chez les STEC 20 
Tableau 4 Resume des facteurs de virulence de 0157:H7 26 
Tableau 5 Promoteurs de croissance utilises en production bovine au Canada 53 
Tableau 6 Agents incorpores dans l'alimentation des poulets de gril eleves au Canada 56 
LISTE DES ANNEXES 
Annexe 1 La technologie des puces a ADN 219 
Annexe 2 Les phases d'elevage en production aviaire et bovine 221 
Annexe 3 Les parametres zootechniques en production animale 222 
Annexe 4 Classification de la viande bovine 223 
XI 
SOMMAIRE 
Cette these porte sur l'impact des promoteurs de croissance utilises en production animale sur 
l'incidence de bacteries pathogenes pour l'humain et les animaux, notamment les E. coli 
0157:H7 et les souches apparentees. 
Escherichia coli 0157:H7 est un pathogene d'origine alimentaire implique dans le 
developpement de colites hemorragiques plus communement appelees «maladie du 
hamburgeur» et du syndrome uremique hemolytique chez l'humain. Le bovin de boucherie 
constitue le principal reservoir de la redoutable bacterie. Dans un premier temps, j 'a i evalue 
l'impact des promoteurs de croissance utilises en production bovine sur les performances 
bovines et sur la prevalence de l'excretion fecale de 0157:H7. Je presente ici une etude 
confirmant l'effet benefique, au niveau economique, des promoteurs de croissance mais 
demontre aussi que les agents testes peuvent accroitre le risque de contamination 
environnemental par E. coli 0157. Par ailleurs, revaluation du potentiel et du pouvoir de 
virulence de 0157:H7 a demontre que les isolats 0157:H7 provenant des bovins et ceux isoles 
de cas humains sont genetiquement distincts bien que la majorite des isolats possedent le 
raeme arsenal de genes de virulence. J'ai egalement mis en evidence un isolat 0157 bovin 
possedant des caracteristiques genetiques bien particulieres ainsi qu'un pouvoir de virulence 
distinct. Mes travaux fournissent des evidences au sujet de l'existence d'isolats 0157 bovins 
possedant des variants de facteurs de virulence ce qui pourrait aider a elucider le role de ces 
determinants dans le developpement des lesions d'attachement et d'effacement au niveau des 
microvillosites intestinales chez l'humain, un mecanisme crucial a la virulence de 0157:H7. 
Finalement, mes recherches ont demontre que les souches commensales de E. coli retrouvees 
chez les poulets comptent plusieurs resistances aux antibiotiques et facteurs de virulence qui 
pourraient provoquer des infections chez l'animal ou l'humain. L'utilisation massive 
d'antibiotiques dans l'elevage des poulets pourrait avoir exercee une pression selective a 
l'origine de la selection de ces souches. 
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MISE EN CONTEXTE DU PROJET DE DOCTORAT 
En production animale, les promoteurs de croissance sont largement utilises afin d'augmenter 
le gain de poids, ameliorer la conversion (efficacite) alimentaire et prevenir les infections 
sous-cliniques chez les animaux. Les hormones, les antibiotiques et les ionophores (sous-
classe d'antibiotique) represented les trois grandes classes de promoteurs de croissance. 
Bien que les promoteurs de croissance soient economiquement avantageux pour les 
producteurs d'animaux, certains effets nefastes pourraient etre associes a ces composes; 
comme par exemple la selection de bacteries resistantes aux antibiotiques. Au fil du temps, 
l'emergence des bacteries resistantes a force les pays a revoir l'utilisation de doses sous-
therapeutiques d'antibiotiques comme promoteurs de croissance dans l'elevage animal. De 
plus, certaines etudes ont demontre que l'utilisation d'antibiotiques en production animale est 
reliee a la presence de bacteries resistantes aux antibiotiques chez l'humain (Van Den Bogaard 
et Stobberingh, 2000). Par contre, tres peu d'etudes s'attardent a evaluer l'impact des 
promoteurs de croissance sur la selection des bacteries pathogenes. 
En 2006, l'Union Europeenne a decide de bannir completement 1'administration d'hormones 
ainsi que d'antibiotiques utilises comme promoteurs pathotype de croissance pour les animaux 
d'elevage. Les antibiotiques ne sont dorenavant permis qu'a des fins therapeutiques et non 
prophylactiques. De facon inevitable, le Canada devra eventuellement suivre les traces de 
l'Europe et modifier la legislation actuelle relative aux promoteurs de croissance. 
De plus, le marche de la viande vit actuellement une profonde crise tant au niveau du boeuf 
(encephalite spongiforme bovine ou vache folle, E. coli 0157:H7, fievre aphteuse) que de la 
volaille (grippe aviaire, campylobacteriose, salmonellose). D'autre part, les consommateurs 
sont de plus en plus soucieux, conscientises et exigeants specialement en ce qui concerne la 
qualite (salubrite et innocuite) des produits carnes. Par consequent, les autorites 
gouvernementales canadiennes se voient confrontees a une nouvelle realite et doivent trouver 
des solutions pour modifier les methodes de production animales afin de remplacer les 
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promoteurs de croissance sans toutefois provoquer des pertes economiques pour les 
producteurs ou affecter la qualite de la viande; ce qui constitue un defi de taille. 
Puisque les promoteurs de croissance ne sont pas que benefiques et que 1'impact de ces 
composes sur la selection des bacteries pathogenes n'est pas clairement identifie, un projet de 
recherche s'imposait. II faut egalement souligner que la contamination des denrees 
alimentaires par des pathogenes d'origine animale est un probleme majeur de sante publique. 
Par consequent, mon projet de doctorat visait principalement l'etude des bacteries pathogenes 
retrouvees chez les animaux eleves pour la consommation humaine. Plus precisement, il visait 
a mieux comprendre 1'effet des promoteurs de croissance utilises lors de l'elevage des 
animaux (bovins et volaille) sur la selection des bacteries pathogenes, hypermutables et/ou 
resistantes aux antibiotiques. Une evaluation du potentiel pathogene de ces bacteries et de leur 
pouvoir de virulence etait egalement inscrite au programme. 
Les differentes etudes realisees au cours de mon projet de doctorat se sont deroulees dans des 
conditions d'elevage normales, ce qui implique que les animaux de notre etude ont recu des 
promoteurs de croissance. En ce qui concerne le projet sur les bovins de boucherie, les 
animaux ont recu diverses combinaisons de promoteurs de croissance (hormones, ionophores 
et antibiotiques). Les bovins ont ete engraisses en pares tout en reproduisant le plus 
fidelement possible les conditions normales d'elevage du Quebec. Ce projet s'est deroule au 
Centre de Recherche en Science Animale de Deschambault (CRSAD, Deschambault, Quebec, 
Canada). Pour le projet sur les poulets de gril, nous avons choisi des fermes d'elevage situees 
dans la vallee du Fraser (Colombie-Britannique, Canada) qui utilisaient des rations 
alimentaires differentes supplementees en antibiotiques. Les doses et la composition des ces 
antibiotiques variaient entre les differentes rations. II est a noter qu'au Canada, les hormones 
de croissance sont interdites dans la production de poulet depuis plus de 30 ans. 
Consequemment, ces composes n'ont pas ete etudies dans mon projet. 
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INTRODUCTION 
1. Classification d''Escherichia coli selon les serotypes. 
Les souches ft Escherichia coli sont classees selon leur type d'antigene somatique (O), 
flagellaire (H) et capsulaire (K). Le serotypage permet de distinguer les souches d'un point de 
vue antigenique en se basant sur la reactivite tres variable de certaines composantes retrouvees 
a la surface bacterienne avec differents anticorps (Orskov et ah, 1977). 
Chez E. coli, la membrane externe est constitute majoritairement par le lipopolysaccharide 
(LPS) forme d'une chaine polysaccharidique O, d'une partie centrale et du lipide A, une 
endotoxine. Une classification selon l'antigene somatique basee sur la chaine O est possible 
grace au caractere hypervariable de cette derniere (Stenutz et ah, 2006). La plupart des 
bacteries mobiles se deplacent grace a un appendice locomoteur nomme flagelle. Cet organe 
permettant aux souches de se mouvoir est egalement utilise pour serotyper les souches d'E. 
coli. Le flagelle est compose d'un crochet, d'un corps basal et d'un filament. La diversite des 
antigenes H est due aux differents types de flagelline, une proteine composant la structure du 
filament codee par le gene fliC. Les portions C et N terminales de la flagelline sont tres 
conservees, c'est plutot la partie centrale de la proteine qui permet le serotypage (Fields et ah, 
1997). La capsule bacterienne est un enduit secrete par la bacterie generalement composee de 
polysaccharides complexes quelque fois additionnes de proteines. Sa composition varie selon 
les bacteries lui conferant alors un pouvoir antigenique (Whitfield, 2006). 
Plus de 180 antigenes O, 60 antigenes H et 80 antigenes K sont repertories a ce jour (Stenutz 
et ah, 2006) ce resulte en une diversite antigenique importante chez les souches d'E. coli. 
Parmi ces souches, on retrouve des clones commensaux et des clones pathogenes. Par contre, 
seulement quelques serotypes sont associes aux souches pathogenes et seulement un petit 
pourcentage des souches constituant la microflore intestinale des humains et des animaux sont 
pathogenes. II est a noter que l'etablissement d'une infection est le resultat d'un combat entre 
les facteurs de virulence d'une bacterie pathogene et les systemes de defense de l'hote. 
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2. Introduction aux E. coli diarrhegeniques 
La classification des souches d'E. coli non-pathogenes et des souches pathogenes selon le 
pathotype s'appuie sur la presence de facteurs de virulence (toxines), le profil d'attachement a 
la cellule hote, les effets de cet attachement et la capacite d'invasion du microorganisme 
(Salyers et Whitt, 2002). Les E. coli diarrhegeniques retrouves chez l'humain se classent en 
six pathotypes distincts : EHEC (E. coli enterohemorragique), EPEC (E. coli 
enteropathogene), ETEC (E. coli enterotoxigenique), EIEC (E. coli enteroinvasif), EAEC ou 
EAggEC (E. coli entero-agregatif) et DAEC (E. coli a adhesion diffuse). De nouveaux 
pathotypes sont aussi proposes par differentes etudes soit le E. coli cyto-detachant (CDEC), le 
E. coli cytolethale distendante (CDTEC), le E. coli necrotoxique (NTEC) ainsi que le E. coli 
attachant et invasif (AIEC) (Kaper et ah, 2004; Nataro et Kaper, 1998; Salyers et Whitt, 
2002). Seulement les pathotypes ayant un lien direct avec mon projet de doctorat seront decrit 
dans les sections suivantes. 
2.1 E. coli enterohemorragique: EHEC 
Les souches EHEC et plus particulierement celles appartenant au serotype 0157:H7 
provoquent des colites hemorragiques chez Phumain caracterisees par des diarrhees 
accompagnees de crampes abdominales ainsi que par la presence de sang dans les selles 
(Karmali, 2004). Chez les personnes dont le systeme immunitaire est fragile ou immature, 
l'infection peut s'aggraver et degenerer en syndrome uremique hemolytique (SUH). Les 
souches EHEC produisent les Shiga toxines (ou Vero toxines, VT) qui sont responsables du 
SUH (Nataro et Kaper, 1998). Les adhesines des EHEC permettant le premier contact avec 
les cellules epitheliales de l'intestin sont peu connues, mais l'mtimine permet une adherence 
intestinale intime en interagissant avec Tir (translocated intimin receptor), un recepteur 
bacterien injecte dans la cellule hote grace au systeme de secretion de type III (SST3). Ce 
systeme de secretion est code par les genes du locus d'effacement des enterocytes (LEE). Les 
infections a EHEC sont caracterisees par des lesions d'attachement et d'effacement (lesions 
A/E) au niveau des microvillosites intestinales resultant entre autre en une disorganisation de 
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la bordure en brosse ainsi que par la formation d'une structure nommee piedestal due a la 
reorganisation du cytosquelette de la cellule cible (Garmendia et ah, 2005). Les EHEC sont 
considered comme des STEC (E. coli producteur de shiga toxines) qui sont pathogenes pour 
1'homme (Beutin, 2006). La presence du plasmide p0157 (60 MDa), le developpement de A/E 
lesions et la production de shiga toxines sont des caracteristiques qui definissent les EHEC 
typiques (Figure 1). Pour leur part, les EHEC atypiques ne produisent pas de lesions A/E et/ou 
ne possedent pas le p0157 (Nataro et Kaper, 1998). 
Figure 1. Classification des EHEC, EPEC, STEC, AEEC. 
Tire de Naylor et al., 2005. 
2.2 E. coli producteur de shiga toxines: STEC 
Les STEC regroupent les souches d'E. coli produisant une ou plusieurs Shiga toxines (Figure 
1) codees par les genes stx. II est a noter que le terme VTEC (E. coli verotoxinogene) est 
egalement employe dans la litterature. Du a 1'importance du serotype 0157:H7 chez 
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l'humain, les STEC sont generalement separes en 2 categories, Ies 0157 et les non-0157. 
Plus de 435 serotypes STEC sont retrouves chez le bovin et plus de 470 serotypes chez 
l'homme. Plus de 50 serotypes STEC peuvent provoquer des colites hemorragiques et le 
SUH, mais moins de 10 serotypes sont responsables de la majorite des infections humaines 
dont le celebre serotype 0157:H7 ainsi que d'autres relativement connus tels 026, 0103, 
0111, 0121 et 0145. Dans plusieurs pays, E. coli 0157:H7 est le principal serotype 
responsable des infections a STEC chez Fhumain (Gyles, 2007; Nataro et Kaper, 1998). La 
majorite des STEC ne possedent pas les genes du locus d'effacement des enterocytes; 
consequemment tous les STEC ne sont pas pathogenes pour Fhomme. Par contre, certaines 
souches STEC qui ne possedent pas le LEE, par exemple O103:H21, peuvent aussi etre 
pathogenes suggerant la presence de facteurs de virulence qui ne sont pas encore caracterises 
(Kaper et ai, 2004). 
2.3 E. coli enteropathogene: EPEC 
Les EPEC sont reconnus pour etre la cause majeure de diarrhees pediatriques dans les pays en 
voie de developpement. Ces diarrhees, souvent fatales, sont caracterisees par l'absence de 
sang dans les selles, des vomissements ainsi que de la fievre. Le SST3 code par le LEE 
permet le developpement d'un contact intime par l'interaction Tir-intimine. Tout comme les 
EHEC, les EPEC forment des piedestaux et des lesions A/E, car elles engendrent une 
restructuration de l'actine de la cellule hote. Par contre, les EPEC ne produisent pas de Shiga 
toxines (Figure 1). Les changements histologiques au niveau intestinal affectent la 
signalisation cellulaire ainsi que Fequilibre absorption/secretion ce qui provoque un 
accroissement de la secretion de fluide resultant en une diarrhee. Aucune toxine n'est 
actuellement identifiee chez les EPEC. Contrairement aux EHEC, les EPEC typiques 
possedent des pilis bien caracterises qui sont impliques dans Fadherence initiale soient les Bfp 
(bundle-forming mlus). Les Bfp sont codes par le plasmide EAF (EPEC adherence factor) 
essentiel pour Fadherence des EPEC et responsable du phenotype d'adherence localise et des 
microcolonies (Nataro et Kaper, 1998; Salyers et Whitt, 2002). 
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2.4 E. coli producteur de lesions de type attachant et effa^ant: AEEC 
Le terme AEEC regroupe les souches qui causent des lesions d'attachement et d'effacement 
au niveau des cellules epitheliales de 1'intestin, c'est-a-dire les souches appartenant aux 
pathotypes EHEC et EPEC, done les souches de E. coli qui possedent le LEE (Figure 1) 
(Naylor et al, 2005). 
3. Les E. coli extra-intestinaux: ExPEC 
Les souches ExPEC possedent de nombreux facteurs de virulence leur permettant de coloniser 
des sites extra-intestinaux. Ces souches possedent de facteurs de virulence leur permettant de 
survivre dans les tissus et le sang de l'hote. Par consequent, ces souches peuvent provoquer 
diverses infections invasives chez les animaux et les humains degenerant frequemment en 
septicemic (Ron, 2006). Parmi les ExPEC humains, on retrouve les E. coli uropathogenes 
(UPEC) et les E. coli associes aux meningites chez le nouveau-ne (NMEC). Les souches E. 
coli pathogenes d'origine aviaire (APEC) sont egalement des ExPEC (Kaper et al., 2004). 
3.1 E. coli uropathogene: UPEC 
Les souches UPEC font parties de la flore endogene du tractus intestinal de l'homme et 
possedent de nombreux facteurs de virulence leur permettant de coloniser les voies urinaires. 
Les UPEC entrainent generalement une cystite ou une pyelonephrite aigue, mais dans certains 
cas plus graves une bacteriemie peut survenir. Bien que les infections humaines a UPEC 
soient majoritairement acquises en communaute, elles peuvent aussi l'etre en milieu 
hospitalier par l'utilisation de catheters. Les UPEC possedent de nombreux facteurs de 
colonisation (pilis de type I, fimbriae P codes par le gene pap [pyelonephritis-associated gili], 
fimbriae F1C, S, M, Dr et adhesines afimbriae [AFA]). De plus, les UPEC possedent un 
arsenal impressionnat de facteurs d'uropathogenicite ce qui fait de ces souches de redoutables 
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opportunistes. La resistance au serum, l'invasion des cellules epitheliales renales, la synthese 
de siderophores (enterobactine, yersiniabactine, aerobactine) ainsi que 1'encapsulation sont des 
methodes que les UPEC utilisent pour contourner les defenses de l'hote. Les UPEC 
produisent egalement des toxines incluant l'hemolysine alpha, le CNF (cytotoxic necrotizing 
factor) et la protease Sat (secreted autotransporter toxin) (Kaper et ah, 2004; Salyers et Whitt, 
2002). 
3.2 E. coli pathogene d'origine aviaire: APEC 
Bien que retrouvees dans la flore intestinale normale des poulets, les souches APEC sont 
reconnues comme l'agent causal de la colibacillose, une maladie engendrant de lourdes pertes 
economiques pour les producteurs aviaires. Cette maladie extra-intestinale est caracterisee par 
une infection des voies respiratoires degenerant souvent en infection systemique 
(aerosacculite, salpingite, pericardite, peritonite). Les serotypes 0 1 , 02 et 078 sont les plus 
frequemment retrouves dans les cas de colibacillose. Les determinants de virulence des APEC 
ne sont pas clairement identifies et la pathogenese de ces souches n'est pas encore totalement 
elucidee. Toutefois, plusieurs facteurs de virulence ont ete identifies chez les APEC tels les 
siderophores (aerobactine, yersiniabactine et salmocheline), les hemolysines (hemolysines E et 
F), les protectines et toxines (Iss [increased serum survival]; Vat [vacuolating autotransporter 
toxin], la capsule Kl). De nombreux facteurs de colonisation sont aussi retrouves chez les 
souches APEC tels tsh (temperature-sensitive hemagglutinin), les fimbriae de type 1, P et les 
curli fimbriae (Ewers et al, 2004; La Ragione et Woodward, 2002). Certaines etudes 
suggerent que les APEC seraient a l'origine des souches UPEC retrouvees chez l'humain et 
que ces souches seraient transmises via la chaine alimentaire (Rodriguez-Siek et al., 2005). 
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4. Escherichia coli 0157:H7, tout ce qu'il faut savoir a son sujet. 
4.1 Origine du serotype 0157:H7 
GUD+ SOR+ 
~N Souche ancestrale EPEC 
.**;;>'!aji(Pi:7 LEE positive 
GUD+ SOR+ 
satSgS^r 
E. co/ /055 :H7 
Phage stx2 
GUD+ SOR+ ( .




Perte de mobilite 
E. coli 0\51:W 
Phage 5?x7 
Perte de la fermentation du sorbitol 
£ co/i'0157:H-
GUD+ SOR+ 
GUD+ SOR- istxZiStXk) E. coli 0157:H7 
s&iffiw^ffl^i 
Perte de la ^-glucuronidase 
^ 
GUD- SOR- (
 s t x 2 stxi ) E. coli 0157:W 
Figure 2. Emergence du serotype 0157:H7. 
Tire de Feng et ah, 1998. 
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Les souches 0157:H7 telle que connues aujourd'hui sont le resultat de nombreuses 
modifications et acquisitions genetiques (Figure 2). Selon un modele propose en 1998, 
revolution menant au clone actuel a necessite plusieurs etapes dont 1'acquisition des genes 
stxl et stx2, du gene rfb associe a la synthese de l'antigene somatique 0157, du plasmide 
p0157 ainsi que la perte de sa capacite a fermenter le sorbitol et de son activite (3-
glucuronidase et ce possiblement a partir d'une souche ancestrale EPEC possedant le LEE 
(Feng et al, 1998). 
4.2 Reservoir animal 
Figure 3. Modes de transmission de 0157:H7 a l'humain. 
Adapte de Gyles, 2007. 
Les bovins sont considered comme la principale source d'infections humaines a 0157:H7 ainsi 
que le reservoir majeur du pathogene (Figure 3) (Naylor et al., 2005). Ces animaux 
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representent une source de contamination pour la chaine alimentaire et l'environnement 
(Armstrong et al., 1996). Les bovins sont des porteurs asymptomatiques de 0157:H7 bien que 
le nombre de bacteries puisse atteindre 10 - 10 par gramme de feces (Chapman et al., 1993; 
Smith et al, 2002). La chevre, le mouton, le pore, le chevreuil et les oiseaux peuvent aussi 
etre porteurs de la bacterie, mais dans une moindre mesure. Pour l'instant, il y a peu 
d'evidences que ces hotes puissent etre importants dans la transmission de 0157:H7 a 
l'homme. Les mouches domestiques pourraient etre un vecteur efficace pour transmettre le 
pathogene puisque ce dernier est capable de s'y multiplier (Naylor et al., 2005). 
Generalement, 0157:H7 est isole de bovins en sante, mais ce pathogene peut etre associe a un 
episode de diarrhee chez le veau suivi d'une colonisation asymptomatique (Nataro et Kaper, 
1998). Chez les bovins, le site de colonisation principal est la portion terminale du rectum 
(Moxley, 2004). Les modeles d'excretion fecale du pathogene sont saisonniers avec une forte 
prevalence en ete et caracterises par de fortes eruptions chez un pourcentage eleve de bovins 
suivies de longues periodes de faible prevalence (Stevens et al., 2002). La prevalence 
d'excretion fecale de 0157:H7 chez le bovin varie considerablement selon les etudes allant de 
0% a 41.5% (Gyles, 2007). Dernierement, des methodes de detection plus sensibles ont 
permis de determiner que la prevalence d'excretion fecale chez les bovins de boucherie est de 
28% et que 72% des troupeaux component au moins un animal positif. II est estime qu'avant 
l'abattage, 0157:H7 est present chez 43% des bovins et qu'au moins un animal est positif dans 
87% des troupeaux (Elder et al., 2000). 
4.3 Modes de contamination 
L'ingestion de viande hachee dont la cuisson est inadequate ou de produits derives de 
1'industrie bovine constituent les principales voies d'infections humaines a 0157:H7. Lors de 
l'abattage, les carcasses peuvent etre contaminees par les feces d'animaux porteurs de 
0157:H7 (Elder et ah, 2000) et la bacterie peut etre introduite a l'mterieur de la viande lors du 
processus de transformation (Armstrong et al., 1996). L'infection a 0157:H7 est une zoonose 
hautement contagieuse et transmissible par la voie fecale-orale. La dose infectieuse faible ( l a 
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100 bacteries) ainsi que la resistance a l'acide (Paton et Paton, 1998) sont des caracteristiques 
tres avantageuses permettant a E. coli 0157:H7 de contourner la premiere ligne de defense de 
l'homme. La transmission s'effectue de personne a personne, par contact avec des animaux 
contamines ainsi que par l'ingestion d'aliments ou d'eau contamines par le pathogene (Nataro 
et Kaper, 1998). De plus, suite a leur contamination, le lait de vache ou de chevre, les 
saucisses, les fromages, le cidre de pomme artisanal et les produits vegetaux comme les 
pousses de luzernes et de radis peuvent etre impliques dans le developpement d'infections a 
0157:H7 (Karch et ah, 1999). La pasteurisation du lait, la chloration de l'eau, la cuisson 
suffisante de la viande, 1'education de la population, 1'inspection des abattoirs, des usines de 
transformation et meme 1'irradiation des aliments sont des moyens de prevention cruciaux 
puisque aucune therapie ou vaccin n'est actuellement disponible contre 0157:H7. 
4.4 Importance clinique 
Depuis 1982, E. coli 0157:H7 est considere comme un pathogene alimentaire important 
implique dans plusieurs epidemies mondiales et reconnu comme 1'agent causal des colites 
hemorragiques (Law, 2000) communement designees «maladie du hamburger». Cette 
infection alimentaire est initialement caracterisee par une diarrhee liquide progressant en 1 a 2 
jours en diarrhee sanguinolente et en colites hemorragiques accompagnees de severes crampes 
abdominales (Figure 4). Dans 5 a 10% des cas d'infection a 0157:H7, une progression vers le 
syndrome uremique hemolytique (SUH) est observee principalement chez les personnes agees 
(>65 ans) et les jeunes enfants (<15 ans) (Paton et Paton, 1998). Un taux de mortalite de 2 a 
10% est observe chez les patients atteints du SUH (Law, 2000). Cliniquement, le SUH est 
caracterise par des problemes renaux, une thrombopenie (diminution des plaquettes sanguines) 
et une anemie hemolytique (diminution des erythrocytes due a une lyse) (Gyles, 2007). De 
severes complications temporaires ou permanentes sont engendrees par le SUH dont 
rinsuffisance renale severe, ou PTT (Purpura thrombotique et thrombocytopenique) et le 
developpement de graves problemes neurologiques (Paton et Paton, 1998). 
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Figure 4. Etapes menant a l'etablissement d'une diarrhee sanguinolente et du SUH 
lors d'une infection a 0157:H7. Adapte de Gyles, 2007. 
4.5 Les epidemies d'infections a 0157:H7 
Les epidemies d'infections reliees a 0157:H7 sont assez recentes ce qui vaut a 0157:H7 son 
titre de pathogene emergent. Les aliments impliques dans les epidemies d'infections a 
0157:H7 sont de nature diverse, mais le boeuf hache et l'eau destinee a la consommation 
humaine sont frequemment identifies comme les principales sources de contamination. De 
plus, les pousses de radis et de luzernes, le jus de pomme non pasteurise et les vegetaux a 
feuilles incluant les epinards et la laitue ont ete impliques dans plusieurs epidemies 
d'infections a 0157:H7 (AFSSA, 2003). Une association entre l'ingestion de vegetaux a 
feuilles consommes eras ou demandant un minimum de preparation et l'infection a 0157.H7 
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chez l'homme repose sur des evidences selon lesquelles la bacterie serait transferee au niveau 
des zones agricoles associees a la culture de vegetaux via des sources animales et se 
retrouverait ainsi sur les tablettes des supermarches (Delaquis et ah, 2007). 
Les epidemies d'infections a 0157:H7 sont majoritairement recensees en Amerique du Nord 
ainsi qu'en Europe. C'est en 1982, aux Etats-Unis, que les premieres epidemies de colites 
hemorragiques dues a 0157:H7 ont ete rapportees. Les analyses epidemiologiques ont 
demontre qu'en Oregon et au Michigan, 47 personnes ont ete malades suite a la consommation 
de viande hachee de boeuf servie dans une chame de restauration rapide et ce a 3 mois 
d'intervalle. En 1992-1993, les Etats-Unis sont encore une fois victime de la redoutable 
bacterie. Au total, 583 personnes sont infectees suite a l'ingestion de boeuf hachee contamine. 
Cette epidemie, impliquant 4 etats americains, s'est soldee par 41 SUH et 4 deces. En 2006, 
des epinards contamines par 0157:H7 sont la cause d'une epidemie touchant 26 etats 
americains. Parmi les 199 personnes malades, 31 ont developpe le SUH et 3 sont decedees. 
Cette meme annee, une chaine de restauration rapide distribue a ses clients de la salade 
contaminee par 0157:H7. Lors de cette epidemie, le pathogene est recense dans cinq etats 
americains; 8 personnes sont atteintes du SUH (AFSSA, 2003). 
En 2000, la tristement celebre ville de Walkerton (ON, Canada) a subi les negligences du 
reseau municipal d'aqueduc. Pres de la moitie des residents de cette municipalite, situee pres 
de zones d'elevage bovin, ont ete infecte par 0157:H7 suite a la contamination de puits du a 
I'epandage du fumier de bovins. Une faille au niveau du systeme de chloration de l'usine de 
filtration a engendre une distribution d'eau contaminee par 0157:H7. Plus de 1400 citoyens 
ont subi les consequences de cette negligence, 65 personnes ont du etre admises a l'hopital, 27 
ont developpe le SUH et 9 sont decedes (Rasmussen et Casey, 2001). Cette epidemie reliee a 
la consommation d'eau contaminee est la premiere epidemie canadienne a 0157:H7 avec une 
telle ampleur. Au Canada, d'autres epidemies d'infections a 0157:H7 ont ete rapportees en 
lien avec de la viande de boeuf hache ainsi qu'avec divers aliments tels jus de pomme non 
pasteurise, salade, lait de chevre non pasteurise et salami (AFSSA, 2003). 
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Les epidemies d'infections a 0157:H7 ne se limitent pas seulement au contient americain, 
mais egalement a d'autres continents. A plusieurs reprises, l'Angleterre rut la cible 
d'epidemie d'infections a 0157:H7 que ce soit via la viande de boeuf contaminee, des 
produits laitiers (fromage, lait, yogourt de production locale) ou des legumes. En 1996, les 
Ecossais ont, a leur tour, ete la cible du pathogene et, encore une fois, la viande de boeuf 
hache est impliquee. Au cours de cette meme annee, une production de germes de radis blancs 
contaminee par le pathogene a engendre une epidemie au «pays du soleil levant». Cette 
epidemie fut l'une des plus importante avec 9451 cas incluant 12 deces. En 1997, plusieurs 
pays Europeens (Angleterre, Finlande, Suede, Pays de Galle, Danemark) ont ete aux prises 
avec une epidemie d'infections a 0157; des legumes crus contamines etaient en cause. En 
2000, l'Espagne fut au prise avec une epidemie a 0157:H7 due a la contamination d'une 
production de saucisses (AFSSA, 2003). 
4.6 Systeme de secretion de type III (SST3) 
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Figure 5. Organisation du locus d'effacement des enterocytes (LEE) chez 0157:H7. 
Adapte de Ritchie et Waldor, 2005. 
Le locus d'effacement des enterocytes (LEE) est un ilot de pathogenicite de 43.3 kb (Figure 
5), retrouve chez 0157:H7, qui code pour les proteines du systeme de secretion de type III 
(SST3) (Perna et al, 1998). Les genes du SST3 codent pour des proteines de structure du 
secreton, des proteines effectrices et des proteines regulatrices. Le LEE est constitue de 41 
ORFs comprenant au mo ins 5 operons polycistroniques nommes LEEl a LEE5. Les LEEl, 2 
et 3 codent pour des proteines constituant l'appareil de secretion de base du systeme de 
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secretion de type III (Roe et al., 2003). Le LEE 4 code pour plusieurs proteines secretees par 
le SST3 et le LEE 5 code pour les proteines impliquees dans 1'adherence intime. 
Le SST3 peut etre comparee a une seringue moleculaire bacterienne qui transperce la cellule 
hote permettant au pathogene de delivrer ses effecteurs (Figure 6). Plusieurs proteines 
composent ce fascinant systeme de secretion. Tout d'abord, les proteines EscD, R, U, V, S et 
T sont reparties dans la membrane interne de la bacterie afin de former le systeme de secretion 
Ces proteines sont associees a une ATPase (EscN) requise pour la secretion des effecteurs. 
L'anneau secretaire, retrouve au niveau de la membrane externe, est compose de la proteine 
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Figure 6. Appareil de secretion du systeme de secretion de type III chez 0157:H7. 
Adaptee de Garmendia et al, 2005. 
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Pour sa part, EscJ est une lipoproteine qui etablit une connexion entre les composantes du 
SST3 situees au niveau des membranes interne et externe de la bacterie. La proteine EspA se 
lie a EscF et forme des projections filamenteuses aiin d'attacher la bacterie a la cellule cible 
(Garmendia et ah, 2005; Roe et ah, 2003). La proteine EspA doit traverser la couche de 
mucus ainsi que le glycocalyx afin d'etablir un contact avec les cellules de l'intestin. 
L'appareil permet la secretion de EspA, B et D; lorsque les proteines EspB et D sont secretees, 
elles forment un pore de 3 a 5 nm dans la membrane plasmique des cellules notes. Grace a ce 
canal, 0157:H7 est en mesure d'injecter son propre recepteur, Tir (translocated intimine 
receptor), au niveau de la membrane de la cellule ciblee permettant alors une interaction avec 
l'intimine, une adhesine bacterienne codee par le gene eae (Figure 7) (Roe et ah, 2003). De 
plus, ce systeme permet la secretion d'un veritable arsenal d'effecteurs ou de facteurs de 
virulence (Tableaux 1 et 2) codes ou non par le LEE qui provoquent d'importantes 
modifications au niveau de la cellule hote tels le rearrangement du cytosquelette, une 
destruction des microvillosites, des jonctions serrees et du potentiel membranaire des 
mitochondries ainsi qu'une induction de la mort cellulaire (Garmendia et ah, 2005). 
cellule hote : enterocyte cellule hote : enterocyte 
Figure 7. Modele de translocation des effecteurs du SST3 et formation des piedestaux chez 
EHEC/EPEC. Adaptee de Campellone et Leong, 2003; Garmendia et ah, 2005. 
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EspF E. coli secreted protein F 
EspB E. coli secreted protein B 
Z5100 ECs4550 
Z5105 ECs4554 
Destruction du potentiel membranaire des 
mitochondries, redistribution des jonctions 
serres, augmentation de la permeabilite 
intestinale et induction de la mort cellulaire 
Implique dans la translocation des effecteurs 




Translocated intimine receptor Z5112 ECs4561 Attachement intime, lesions A/E et polymerisation de l'actine 
Destruction du potentiel membranaire des 
Mitochondria associated protein Z5113 ECs4562 mitochondries, modification des fonctions 
intestinales et alteration des jonctions serrees 
E. coli secreted protein H Z5115 ECs4564 Modulation de l'actine du cytosquelette, affecte la formation des filopodia et piedestaux 
EspZ / SepZ E. coli secreted protein Z Z5122 ECs4571 Role inconnu pour l'instant 
EspG E. coli secreted protein G Z5142 ECs4S82 Destruction du reseau de microtubules 
Tableau 2. Les effecteurs du systeme de secretion de type III chez 0157:H7 codes 





EspJ E. coli secreted protein J 
TccP / EspFp Tir cycloskeleton coupling protein 
NleA / Espl Non-LEE encoded effector A 
NleB Non-LEE encoded effector B 
NleC Non-LEE encoded effector C 
NleD Non-LEE encoded effector D 
NleE Non-LEE encoded effector E 














Regulation de la dynamique de 
•'elimination de 0157:H7 in vivo 
Formation des lesions A/E et 
polymerisation de l'actine 
Role inconnu pour l'instant 
Role inconnu pour l'instant 
Role inconnu pour l'instant 
Colonisation des veaux 
Role inconnu pour l'instant 
Role inconnu pour l'instant 
Le LEE est une region genomique essentielle pour la virulence complete de 0157:H7 et son 
expression est regulee de fa9on complexe. Ler (LEE encoded regulator), code par le LEE1, 
regule positivement 1'expression des genes codes par le LEE et est, par consequent, essentiel 
pour la formation des A/E lesions et de l'adherence intime. Ler est egalement considere 
comme un regulateur global de l'expression des facteurs de virulence chez 0157:H7. 
L'expression de Ler est quand a elle dependante du quorum sensing (Elliott et al., 2000). De 
plus, GrlA (global regulator of LEE activator) et GrlR (global regulator of LEE repressor), 
codes par le LEE, sont respectivement des regulateurs positif et negatif des genes du LEE 
(Deng et al., 2004; Lio et Syu, 2004). Tout recemment, il a ete demontre que Mpc (multiple 
point controller), code par le LEE, joue un role multifonctionnel et agit sur l'expression du 
SST3 (Tsai et al., 2006). L'expression des genes du SST3 est egalement affectee par d'autres 
regulateurs qui ne sont pas associes au LEE. En effet, YhiE et YhiF modulent negativement 
l'expression des genes du SST3 (Tatsuno et ah, 2003). De plus, le NaHCC>3 retrouve en plus 
grande quantite dans le gros intestin que dans le petit, pourrait jouer une role important dans la 
colonisation, car il stimule l'augmentation de l'expression des genes du LEE (Abe et ah, 
2002). 
Un nouveau systeme de secretion de type III a ete identifie chez E. coli 0157:H7 (Makino et 
al., 2003). Ce locus contient 21 ORFs dont les sequences en acides amines montrent un haut 
degre de similitude avec les proteines d'un systeme de secretion de type III de Salmonella qui 
sont codees par les genes inv, spa et prg. Chez E. coli, ce locus a ete designe ETT2 pour E 
coli type III secretion 2. II est constitue des genes epr, epa et eiv qui codent pour les proteines 
constituant l'appareil de base du systeme de secretion ainsi que pour un regulateur 
transcriptionnel. Par contre, le locus ETT2 n'inclut pas les genes codant pour les proteines 
effectrices et les chaperonnes. Les genes codant pour ces proteines peuvent se situer ailleurs 
sur le chromosome de 0157:H7, mais ne sont pas clairement identifies pour l'instant (Makino 
et ah, 2003). EtrA et EivF sont deux proteines codees par le locus ETT2 qui regulent 
negativement l'expression des genes du LEE ainsi que l'expression des genes espP et stcE 
retrouvees sur le plasmide pO!57 (Zhang et al, 2004). 
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Le locus ETT2 est present chez des souches de E. coli enteropathogenes et aussi chez des E. 
coli non-0157 productrices de shiga toxine, mais la plupart d'entre elles contiennent un locus 
ETT2 tronque. La majorite des souches 0157:H7 possedent une collection complete des 
genes eae, ehlyA et du locus ETT2 tandis que les 026 possedent les genes eae et ehlyA, mais 
le locus ETT2 est incomplet. Ce nouveau systeme a ete identifie chez la souche 0157 Sakai et 
chez les 5 souches 0157:H7 d'origine humaine testees. Toutes les souches de 0157:H7 isolees 
de mouches (4/4) et de saumon (1/1) possedent le locus ETT2 contrairement a seulement 5/10 
souches isolees de veaux. Toutefois, les 5 autres isolats de veaux possedent une version 
tronquee du locus ETT2 (Makino et ah, 2003). Une autre etude a demontre que le locus ETT2 
est present en partie ou entierement chez la majorite des souches d'E. coli autant chez les 
souches commensales que pathogenes. Par contre, ce locus est assujetti un degre de mutation 
variable codant ainsi pour un systeme de secretion non fonctionnel (Ren et ah, 2004). 
4.7 Reorganisation du cytosquelette de la cellule hote et formation de piedestaux 
Le recepteur Tir est une structure en forme d'epingle a cheveux dont les portions N et C 
terminales sont ancrees dans la membrane plasmique de la cellule hote formant ainsi une 
boucle exterae pouvant lier l'intimine (Figure 7). Pour sa part, l'intimine est inseree dans la 
membrane externe bacterienne et sa portion C-terminale variable interagit avec Tir. La 
formation des piedestaux est un phenomene complexe impliquant plusieurs proteines 
eucaryotes. TccP (Tir cytoskeleton coupling protein), une proteine nouvellement identifiee, 
lie indirectement Tir et directement N-WASP (Neutral Wiskott-Aldrich syndrome protein). 
N-WASP active a son tour le complexe Arp2/3 (Actine related proteins) stimulant la 
polymerisation de l'actine du cytosquelette au site d'attachement bacterien et la formation de 
piedestaux. Cette polymerisation s'effectue egalement via le recrutement d'autres proteines du 
cytosquelette comme l'a-actinine, la taline, l'ezrine et la villine ainsi que CK8, CK18 et 14-3-
3. L'absence d'interaction directe entre Tir et TccP indique que d'autres proteines sont 
impliquees dans la formation des piedestaux (Garmendia et ah, 2005). L'effacement des 
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microvillosites est un phenomene qui requiert la cooperation de Map, Tir, EspF et EaeA chez 
les EPEC (Dean et ah, 2006). Chez 0157:H7, ce phenomene n'a pas encore ete elucide, mais 
on peut supposer que les memes effecteurs sont impliques. 
4.8 Interactions entre E. coli 0157:H7 et les cellules intestinales humaines 
II existe au moins 17 types et sous-types d'intimine distincts contribuant au tropisme intestinal 
bacterien (Garrido et ah, 2006). II est prouve que le type d'intimine (y) de 0157:H7 influence 
le site de colonisation des muqueuses intestinales de l'homme. Cette bacterie adhere aux 
cellules epitheliales des follicules agreges des plaques de Peyer de l'ileon correspondant a la 
portion terminale du petit intestin humain ou il cause des A/E lesions. En contre partie, 
aucune adherence evidente n'a ete observee au niveau d'autres sections de l'intestin grele ou 
du colon (Fitzhenry et ah, 2002). Les follicules lymphatiques agreges ou plaques de Peyer 
contiennent des cellules M qui sont uniquement retrouvees a ce site. Chez l'homme, l'ileon et 
l'appendice sont les seules regions ou la presence des plaques de Peyer est observable. Le role 
des cellules M est, entre autre, de delivrer le materiel etranger a travers l'epithelium intestinal 
jusqu'au pole basolateral de l'epithelium. Les plaques de Peyer produisent peu de mucus et 
sont depourvues de recepteurs d'immunoglobulines; un veritable avantage pour les bacteries 
pathogenes (Neutra et al, 2003). D'autre part, des etudes in vivo chez le pore et bovin ont 
recemment permis d'etablir que l'intimine pouvait, en plus de lier Tir, potentiellement Her 
d'autres proteines eucaryotes, la P-integrine et la nucleoline (Sinclair et al., 2006). 
4.9 Shiga toxines 
E. coli 0157:H7 possede la capacite d'exprimer une puissante toxine codee par les genes 
stxAB. Cette toxine est nommee verotoxine (VT), Shiga-like toxine (SLT) ou Shiga toxine 
(Stx). Le terme verotoxine decoule de l'effet cytotoxique de la toxine sur les cellules Vero 
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(cellules renales de singe). Quant au terme Shiga-like toxine, il refere au fait que cette toxine 
est tres similaire a la toxine de Shigella spp. Deux formes de Shiga toxines, antigeniquement 
differentes, ont ete identifiees : Stxl et Stx2. Stxl est structurellement et fonctionnellement 
comparable a la Shiga toxine de Shigella dysenteriae I. Pour sa part, Stx2 possede les memes 
fonctions que Stxl, mais elle est immunologiquement distincte. Cependant, les proprietes 
biochimiques et les mecanismes d'action de ces deux toxines sont identiques. Les Shiga 
toxines possedent une structure AB5 composee d'une sous-unite A et d'un pentamere de sous-
unites B. Les sous-unites A de Stxl et Stx2 sont homologues a 55% et les sous-unites B a 
57% (Paton et Paton, 1998). Contrairement a stxl qui est hautement conservee, plusieurs 
variants de stx2 sont connus. Les variants six sont dus en grande partie a la variation en acides 
amines de la sous-unite B (O'Loughlin et Robins-Browne, 2001). Ces variants demontrent 
des differences au niveau de la liaison au recepteur ainsi que des variations de toxicite envers 
les cellules et les animaux (Gyles, 2007) (Tableau 3). 












Presque identique a la Shiga toxine de Shigella dysenteriae 
Associee a une diarrhee ou a une infection asymptomatique chez l'humain 
Retrouve chez les STEC eae -negatif 
Infection asymptomatique ou une faible diarrhee chez l'humain 
Frequemment associe au SUH chez l'humain 
Associe a la diarrhee et le SUH chez l'humain de facon moins frequente que stx2 
Retrouve chez les STEC eae -negatif 
Infection asymptomatique ou une faible diarrhee chez l'humain 
Retrouve chez les souches hautement virulentes 
Active par le mucus intestinal 
Rarement retrouve chez les souches humaines 
Infection asymptomatique ou une faible diarrhee chez l'humain 
Responsable de l'oedeme du pore 
Rarement retrouve chez les souches humaines 
Retrouve chez le pigeon 
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Le role de la sous-unite B est de lier la toxine a un recepteur specifique, le GI53 ou 
globotriaosylceramide (Gala[l-4]-Gaip[l-4]-Glcpi-ceramide) (Figure 8). Ce recepteur, un 
glycosphingoside, est compose d'une base sphingosine auquel est liee une chaine d'acide gras 




Figure 8. Liaison entre une Shiga toxine et son recepteur Gb3. 
Adapte de Demers et Sansonetti, 1998. 
Suite a la liaison de la Shiga toxine a son recepteur, l'holotoxine constitute de la sous-unite A 
et du pentamere de sous-unites B est endocytee, transported dans le Golgi et dans le reticulum 
endoplasmique (RE) (Figure 9). L'absence du recepteur Gb3 au niveau des enterocytes 
humains permet aux Shiga toxines d'atteindre la circulation sanguine et de causer des 
dommages aux cellules endothelials tapissant les capillaires sanguins de l'intestin, des reins 
et du systeme nerveux central. 
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Figure 9. Action des Shiga toxines au niveau des enterocytes humains et de 
l'endothelium des capillaires sanguins de l'instestin, des reins et du cerveau. 
Adapte de Nakao et Takeda, 2000. 
La sous-unite A de Stx est clivee par une protease membranaire de la cellule note la scindant 
en un peptide Al et en un peptide A2. Le peptide Al possede l'activite enzymatique tandis 
que le peptide A2 permet la liaison de la sous-unite A au pentamere de sous-unites B. Par la 
suite, la sous-unite Al est translocalisee dans le cytoplasme ou elle clive un residu adenine de 
la sous-unite 28S de l'ARNr 60S des cellules eucaryotes grace a son activite ARNr N-
glycosidase. Le clivage de I'adenine inactive alors la fonction du ribosome ce qui empeche la 
liaison de l'ARNt. Ainsi, la synthese proteique est arretee conduisant alors a la mort cellulaire 
(LeBlanc, 2003). Si une quantite suffisante de Stx est produite dans 1'intestin, des dommages 
aux vaisseaux sanguins locaux sont observables resultant en une diarrhee sanguinolente. 
Toutefois, si une quantite suffisante de Stx est absorbee dans la circulation sanguine, les 
cellules endothelials des capillaires renaux et cerebraux sont atteintes et le SUH se developpe 
(Gyles, 2007). 
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Les Shiga toxines sont codees par des bacteriophages de type X-like ce qui permet la 
propagation et l'insertion des genes stx dans le genome d'jF. coli (Nataro et Kaper, 1998). 
Plusieurs phages porteurs de stx peuvent s'integrer simultanement dans le chromosome de ces 
souches. Generalement, 0157:H7 exprime Stxl et Stx2 ou Stx2 seulement (LeBlanc, 2003). 
Contrairement a Stx2, l'expression de Stxl est regulee negativement par le fer. Noter que 
Stx2 est plus important que Stxl pour le developpement du SUH et plus cytotoxique. En fait, 
des evidences cliniques associent la presence de Stx2 a un fort risque de developpement du 
SUH. Stx2 est environ 1000 fois plus toxique pour les cellules endotheliales des capillaires 
renaux humains que Stxl (Gyles, 2007). L'utilisation d'un modele murin a permis de 
demontrer que Stx2 est 400 fois plus letal que Stxl. Lors d'une injection intra-peritoneale 
chez la souris, la dose lethale 50% (DL50) est de 30 ng pour Stxl comparativement a 1 ng pour 
Stx2. Lors d'essais sur les cellules Vero, la dose cytotoxique 50% (DC50) est de 1 pg pour 
Stxl et de 0,75 pg pour Stx2 (Nakao et Takeda, 2000). 
4.10 Modulation du systeme immunitaire par 0157:H7 
L'action des Shiga toxines ne se limite pas uniquement a l'inhibition de la synthese proteique, 
mais aussi a la modulation du systeme immunitaire (Figure 10). Les Stx peuvent affecter les 
monocytes ainsi que les macrophages bovins et humains ce qui induit le relachement de 
cytokines pro-inflammatoires. Ces toxines sont aussi en mesure de supprimer les fonctions 
des lymphocytes B et T ce qui implique que les Stx peuvent moduler la reponse immunitaire. 
In vitro, Stx induit l'expression de TNFcc, IL-6 et IL-lp par les macrophages. Ces cytokines 
ainsi que le LPS augmentent la susceptibilite des cellules endotheliales aux Stx en favorisant 
l'expression du recepteur Gb3. II est egalement rapporte que Stx2 stimule le recrutement des 
cellules inflammatoires ainsi que la transmigration endotheliale via la production d'IL-8 et de 
MCP-1 (monocyte chemoattractant protein-1). Cette reponse inflammatoire pourrait expliquer 
la presence de lesions aux tissus intestinaux lors d'une infection a 0157:H7. U faut egalement 
noter que chez l'homme, les polymorphonucleaires (PMN) sont affectes par Stx conduisant a 
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une reduction de lew activite protectrice ce qui permettrait possiblement a 0157:H7 de 
survivre. Les PMN humains ont une importance dans l'infection a 0157:H7, car ils peuvent 
sequestrer et delivrer les Shiga toxines. Par contre, les recepteurs de Stx sont absents des 
PMN bovins (LeBlanc, 2003; Smith et al, 2002). Les Stx induisent egalement une cascade de 
signalisation conduisant a la mort cellulaire programmed (apoptose) chez les cellules 
intoxiquees (cellules endotheliales des capillaires sanguins du SNC, du colon, des reins; 
cellules epitheliales du colon et des reins) contribuant au developpement de la diarrhee 
sanguinolente et des complications extraintestinales (Cherla et al, 2003). De plus, le flagelle 
H7 active les signaux proinflammatoires au niveau du colon de l'homme (Gyles, 2007). 
Figure 10. Implication des Shiga toxines dans la pathogenese de 0157:H7. 
Tire de O'Loughlin et Robins-Browne, 2001. 
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4.11 La colonisation de 0157:H7 chez le bovin et l'humain 
Les consequences de la colonisation intestinale par 0157:H7 chez l'homme et le bovin sont 
grandement differentes. Les colites hemorragiques et le SUH sont caracteristiques d'une 
infection a 0157:H7 chez l'homme. Chez le bovin, aucun signe clinique n'est associe a la 
colonisation intestinale par 0157:H7 bien que des A/E lesions soient presentes (Moxley, 
2004). Les souches 0157:H7 isolees de bovins en sante possedent souvent les memes 
combinaisons de genes de virulence que les souches d'origine humaine. De plus, deux etudes 
recentes suggerent que les souches 0157:H7 d'origine bovine et humaine sont distributes de 
facon non aleatoire en deux groupes (lignees I et II). Les souches bovines seraient moins 
virulentes et plus difficilement transmissibles a l'humain. Par consequent, seulement certaines 
souches 0157:H7 d'origine bovine pourraient etre capables de causer des infections chez 
l'homme (Kim et al, 1999; Zhang et al, 2007). D'autres etudes ont mis en evidence des 
differences claires au niveau de l'expression des genes de virulence chez les souches 0157:H7 
d'origine bovine et humaine (Dowd et al, 2006; Rashid et al, 2006; Ritchie et al., 2003; 
McNallye/a/.,2001). 
4.12 Adhesines 
Puisque la presence d'adhesines permettant le contact initial entre la bacterie et la cellule hote 
n'est pas encore clairement definie chez E. coli 0157:H7, une course destinee a leur 
decouverte a ete entreprise il y a quelques annees. Certaines etudes ont suggere des candidats 
potentiels tels Efal' (Badea et al, 2003), ToxB (Tatsuno et al, 2001), Iha (Tarr et al, 2000), 
Lpf (Torres et al, 2002) et OmpA (Torres et Kaper, 2003). Par contre, il a ete demontre que 
ToxB et Efal' , deux proteines homologues, n'ont pas de role apparent a jouer dans la 
colonisation de l'intestion chez les veaux par 0157:H7 malgre que les mutants de deletion ont 
montre une adherence reduite in vitro ainsi qu'une diminution de l'expression et de la 
secretion des proteines du SST3 (Stevens et al, 2004). Jusqu'a maintenant le role des autres 
adhesines putatives dans la colonisation du bovin n'a pas ete evalue in vivo. Par consequent, 
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l'intimine est la seule proteine retrouvee chez 0157:H7 considered comme une adhesine, car 
son role la colonisation du bovin a ete demontre in vivo. En fait, l'intimine est essentielle pour 
la colonisation intestinale par 0157:H7, le developpement de A/E lesions et de diarrhees chez 
le veau (Dean-Nystrom et ah, 1998) ainsi que pour la persistance (Sheng et ah, 2006). 
Tableau 4. Resume des facteurs de virulences de 0157:H7 
Facteur de virulence Fonctions et/ou proprietes 
Modulation des activites de la cellule intestinale : rearrangement du 
cytosquelette, destruction des microvillosites, des jonctions serrees et 




Adherence intime entre la cellule intestinale et 0157:H7 
Inhibition de la synthese proteique conduisant a la mort cellulaire 
et modulation du systeme immuniatire. Cytotoxique. 
Resistance a l'acide Passage de la barriere gastrique. 
Urease 
Enterohemolysine 





Possiblement implique dans la resistance a l'acide 
ou la cytotoxicity in vivo. 
Lyse des globules rouges et de nombreuses cellules immunitaires, 
induction des cytokines infiammatoires. Cytotoxique. 
Metalloprotease clivant l'inhibiteur CI esterase, activite mucinase 
augmentant l'adherence, role anti-inflammatoire. 
Serine protease clivant le facteur coagulation humain V et activite 
mucinase facilitant la colonisation. Cytotoxique. 
Catalase-peroxydase ayant un role inconnu. 
Protection possible contre les stress oxidatifs. 
Activation des signaux pro-inflammatoires au niveau du colon 
chez l'humain. 
Induction des cytokines pro-inflammatoires par les enterocytes et les 
cellules endotheliales, activation des plaquettes. 
4.13 Role des Shiga toxines 
Chez l'homme, les enterocytes n'expriment pas ou tres peu le recepteur (Gb3) des Shiga 
toxines. Par consequent, les toxines peuvent traverser la barriere intestinale et entrer dans la 
circulation pour atteindre les cellules endothelials tapissant les capillaires sanguins de 
l'intestin, des glomerules renaux et du cerveau (Figures 9-10). Ces cellules possedent les 
recepteurs appropries ce qui permet aux Stx de produire un effet systemique plutot que local 
(O'Loughlin et Robins-Browne, 2001). Recemment, une etude a demontre que les recepteurs 
Gb3 sont exprimes dans l'intestin des bovins. De plus, il a ete mis en lumiere que Stxl se lie 
aux cellules epitheliales bovines de l'ileon, du jejunum, du caecum et du colon (Hoey et al., 
2002). Malgre l'expression des recepteurs par les enterocytes bovins, Stxl ne possede aucune 
activite cytotoxique contre ces cellules puisque la toxine est retrouvee dans les lysosomes 
plutot que dans le RE (Hoey et al., 2003). Au niveau des reins, les recepteurs sont presents 
uniquement dans les tubules contournes et dans le tubule renal collecteur. La rarete des 
recepteurs au niveau des vaisseaux sanguins et des glomerules renaux limite possiblement les 
effets systemiques des Stx et pourrait contribuer a l'absence de pathologie chez les bovins 
colonises par 0157:H7 (Hoey et al., 2002). Chez l'homme, Stx est un facteur de virulence cle 
permettant l'etablissement du SUH. Par contre, le role de ces toxines n'est pas encore elucide 
chez le bovin. Bien que la production de Stx ait ete observee dans l'intestin des bovins, ces 
toxines ne provoquent pas de dommages, mais possedent probablement d'autres fonctions 
importantes. II est suggerent que les Stx pourraient conferer un avantage selectif a 0157:H7 
puisque les genes stx sont retrouves chez au moins 95% des 0157:H7 d'origine bovine (Hoey 
et al., 2002). Une recente etude a demontre que 0157:H7 possede clairement un avantage 
pour coloniser les muqueuses bovines par rapport a K12 (E. coli non pathogene). Toutefois, 
l'enterohemolysine et les Shiga toxines ne sont pas essentiels pour une colonisation efficace 
de la portion terminale du rectum des bovins, contrairement a Tir, a l'intimine et au plasmide 
p0157 (Sheng et al., 2006). Cependant, Stx accroit la capacite d'adherence de 0157:H7 aux 
cellules epitheliales en culture et favorise la colonisation intestinale des souris en augmentant 
l'expression de la nucleoline pouvant agit comme recepteur pour l'intimine (Robinson et al, 
2006). Globalement, l'importance de Stx dans la colonisation varie selon les etudes. 
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4.14 Resistance a l'acide 
Avant d'atteindre l'intestin, 0157:H7 doit passer la barriere acide de l'estomac. Sa resistance 
a l'acide lui permet de franchir cette etape et pourrait expliquer sa faible dose infectieuse. 
Pour les pathogenes acquis via l'ingestion de nourriture, la resistance a l'acide est moins 
significative grace a la protection conferer par les aliments. Par contre, cette propriete 
augmente la survie des microorganismes dans les aliments a pH acide tel les saucisses 
fermentees, les mayonnaises, le jus de pomme qui sont tous des vehicules de 0157:H7. La 
resistance a l'acide est plus significative pour les pathogenes transmis par l'eau, dont 
0157:H7, car ils sont directement en contact avec l'acide de l'estomac (Law, 2000). 
4.15 Urease 
Les analyses genetiques de deux souches 0157:H7 (Sakai et EDL933) ont revele la presence 
de genes (ureDABCEFG) codant pour une urease. Le represseur Fur (ferric uptake regulator) 
serait implique dans la regulation de ces genes (Heimer et al., 2002). Bien que la majorite des 
souches 0157:H7 possedent les genes ure, l'activite urease n'est pas detectee chez celles-ci 
(Friedrich et al., 2005) du a une substitution d'une base dans le gene ureD codant pour une 
chaperonne provoquant une accumulation d'urease dans le cytoplasme (Nakano et al., 2004). 
Jusqu'a maintenant, le role de l'urease dans la pathogenese de 0157:H7 n'a pas encore ete 
identifie. 11 est suggere que l'urease soit impliquee dans la resistance a l'acide ou au niveau de 
la cytotoxicite in vivo (Gyles, 2007). 
4.16 Facteurs de virulence codes par le plasmide p0157 
Le plasmide p0157 (60 MDa) est present chez toutes les souches de 0157:H7 (Nataro et 
Kaper, 1998). En plus de contenir les genes toxB (homologue a toxB de Clostridium difficile) 
et efa-Y (homologies de HfA), ce plasmide code pour plusieurs facteurs de virulence 
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potentiels tels EhlyA, StcE/TagA, EtpC-EtpO, EspP et KatP (LeBlanc, 2003). 
4.16.1 Enterohemolysine 
L'enterohemolysine (EhlyA) est une puissante toxine de la famille des RTX (repeats in toxin) 
qui regroupe les toxines possedant des sequences repetees constitutes de 9 acides aminees 
riches en glycine. EhlyA est code par l'operon plasmidique ehlyCABD dont l'expression est 
regulee par le fer. Cette hemolysine partage approximative 60% d'homologie avec 
l'hemolysine alpha d'E. coli (LeBlanc, 2003). Ces hemolysines sont distinguables par un test 
d'hemolyse sur erythrocytes de mouton laves. L'enterohemolysine est caracterisee par une 
petite zone de lyse turbide apres 18 a 24 heures d'incubation tandis que l'hemolysine alpha 
produit une zone d'hemolyse claire apres seulement 4 heures d'incubation (Law, 2000). 
L'activite de EhlyA est reliee a sa capacite de lyser divers types de cellules animales et 
humaines. En plus de lyser les globules rouges, EhlyA s'attaque aux plaquettes, fibroblastes, 
monocytes, granulocytes ainsi qu'aux leucocytes bovins, mais pas a ceux d'origine humaine 
(Jfirgens et al., 2002; Paton and Paton, 1998). L'implication de cette toxine dans la 
pathogenese de 0157:H7 demeure la cible de nombreuses speculations. 11 est possible que 
l'hemoglobine relachee grace a la lyse des erythrocytes puisse representer une source de fer 
utilisable pour la croissance bacterienne (LeBlanc, 2003). Bien que EhlyA ne soit pas 
essentielle pour le developpement du SUH, il est rapporte que sa presence est etroitement 
associee avec la production de Shiga toxine (Nataro et Kaper, 1998). 
4.16.2 Systeme de secretion de type II (SST2) 
Le plasmide p0157 contient 13 ORFs qui codent pour des proteines montrant beaucoup de 
similitudes avec les genes du systeme de secretion de type II des bacteries a Gram negatif. 
Ces genes, nommes etpC a etpO pour EHEC type II secretion pathway, sont retrouves chez 
toutes les souches 0157:H7, mais leur distribution est sporadique chez les autres serotypes 
EHEC (Schmidt et al, 1997). 
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4.16.3 TagA / StcE 
Chez EHEC, TagA est une lipoproteine de fonction inconnue et homologue a TagA de Vibrio 
cholerae (Elliott et ah, 2002). Des evidences circonstancielles suggerent que TagA est 
exprime in vivo et que cette proteine aurait un role a jouer dans la pathogenese de 0157:H7. 
En fait, des anticorps anti-TagA ont ete detectes chez des patients ayant developpe le SUH 
suite a une infection a 0157:H7 (Paton and Paton, 2002). 
Une etude a permis d'identifier que TagA est un metalloprotease, une premiere chez 0157:H7, 
qui clive specifiquement l'inhibiteur CI esterase (Cl-INH). Cette proteine nouvellement 
decouverte, renommee StcE (secreted protease of CI esterase inhibitor from EHEC), est 
secretee via le systeme de type II retrouve sur le p0157 (section 4.15.2) et son expression est 
regulee positivement par Ler. StcE est hautement specifique pour le substrat C1 -INH qui est 
un attenuateur des dommages a l'hote en inhibant la voie classique du complement et en 
intervenant dans les processus d'inflammation (Lathem et ah, 2002). En 2004, un role de 
protection contre Taction du serum a ete associe a StcE, car il augmente l'habilete de Cl-INH 
a inhiber la voie classique du complement (Lathem et ah, 2004). II a ete etabli que StcE 
contribuerait a l'adherence intime de 0157:H7 aux cellules intestinales grace a son role de 
mucinase et empecherait son elimination en clivant certaines classes de glycoproteins de 
l'hote. De plus, StcE aurait un role anti-infiammatoire. En resume, StcE aiderait 0157:H7 a 
contourner les defenses mucosales de l'hote (Grys et ah, 2005; Grys et ah, 2006). 
4.16.4 EspP 
EspP est un membre de la famille des SPATE (serine protease autotransported toxins of 
Enterobacteriaceae) dont la fonction reste encore controversee. Cette serine protease, 
secretee par le systeme de type IV, pourrait etre une mucinase agissant lors de la colonisation 
initiale et/ou dans l'alteration des barrieres epitheliales en detruisant les jonctions serrees. Son 
activite serine protease pourrait etre impliquee dans l'inactivation des defensines, dans le 
detachement bacterien et meme dans l'acquisition de nutriments (Smith et ah, 2002). II a ete 
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propose que EspP puisse contribuer a l'activite cytotoxique ainsi qu'a la destruction tissulaire 
facilitant Faeces aux tissus de l'hote (LeBlanc, 2003). Recemment, la contribution de EspP 
dans la colonisation intestinale des bovins par 0157:H7 a ete revelee (Dziva et al., 2007). 
4.16.5 KatP 
II est suggere que KatP, une catalase-peroxydase periplasmique, puisse ameliorer la virulence 
de 0157:H7 en protegeant la bacterie des stress oxydatifs provenant des cellules immunitaires 
de l'hote. Cependant, le role exact de KatP dans la pathogenese de 0157 est mal compris 
(Varnado, 2004). 
4.17 Prevention et traitement des infections a 0157:H7 chez l'humain 
Jusqu'a maintenant, le combat contre ce redoutable pathogene pose un probleme majeur 
puisque aucun vaccin n'est actuellement disponible et il n'existe pas de traitement efficace. 
Lorsqu'un patient est atteint du SUH, le maintient de l'homeostasie est assure par une 
rehydratation et une dialyse, mais l'utilisation d'antibiotiques est a proscrire (Paton et Paton, 
1998). En realite, les antimicrobiens pourraient accroitre les risques de developpement du 
SUH en augmentant le relachement des Shiga toxines resultant en une augmentation de son 
absorption systemique (Nataro et Kaper, 1998). II a ete demontre que certains antibiotiques 
favorisent revolution de l'infection a 0157:H7 vers le SUH (Wong et al., 2000). En fait, les 
antibiotiques induisant le systeme SOS augmentent la production des bacteriophages portant 
les genes stx et accroissent ainsi la synthese des Shiga toxines (Kimmitt et ah, 2000). 
Diverses classes de composes ont ete developpees afin d'empecher la colonisation intestinale 
par 0157:H7 ou pour prevenir le developpement du SUH. Beaucoup d'espoirs etaient fondes 
sur le Synsorb-Pk, un analogue chimique du recepteur Gb3 qui lie Stxl et Stx2. Par contre, les 
essais cliniques ont ete decevants; utilisation du Synsorb-Pk chez les patients pediatriques a 
ete inefficace pour diminuer la severite des symptomes du SUH. D'autres ligands 
synthetiques constitues de polymers complexes au trisaccharide composant le recepteur Gb3 et 
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ayant une tres forte affmite avec les Shiga toxines (100 000 fois plus que le Synsorb-Pk) ont 
ete developpes. L'administration intra-gastrique de ces composes chez la souris a assure une 
protection contre une dose fatale de 0157:H7 (Watanabe et al., 2004). Actuellement, 
plusieurs equipes de chercheurs travaillent a l'elaboration de strategies visant a combattre le 
pathogene: une souche recombinante inactivee au formaldehyde qui exprime un LPS modifie 
mimant le recepteur Gb3 (Paton et al., 2001), une bacterie exprimant la portion terminale du 
recepteur Gb3 creee a partir d'une souche non pathogene (E. coli K12) (Pinyon et al., 2004); 
un vaccin a ADN compose des sous-unites A (deletion du site actif) et B de Stx2 (Capozzo et 
al., 2003); une plante de tabac transgenique exprimant Stx2 avec une sous-unite A inactive 
(Wen et al., 2006); une souche EPEC (RDEC-1) qui produit des A/E lesions chez le lapin a ete 
mute afin de produire une version tronquee de l'intimine (Agin et al., 2005); un vaccin dirige 
contre la chaine O du LPS de 0157:H7 (Ahmed et al., 2006); des anticorps monoclonaux 
neutralisants specifiques a Stxl et Stx2 (Paton et Paton, 1998); des bacteries enteriques 
vivantes, mais attenuees exprimant la sous-unite B de Stx (Paton et Paton, 1998). Lors 
d'essais chez la souris et le lapin, ces differents vaccins et therapies ont donne des resultats 
tres encourageants. Toutefois, il faudra attendre les essais cliniques afin de pouvoir evaluer 
leur potentiel en medecine humaine. Une phase clinique 3 est planifiee pour le vaccin anti-
0157 (Ahmed et al., 2006). Bien que cette methode soit prometteuse, elle permettrait une 
protection uniquement contre 0157:H7 et non envers d'autres souches STEC non-0157 
egalement associees au SUH. 
5. Methodes d'epidemiologic moleculaire utilisees pour etudier 0157:H7 
Les souches 0157:H7 constituent un clone hautement conserve ayant une faible diversite 
genetique au niveau des genes «housekeeping», done non distinguables par le MLEE 
(multilocus enzyme electrophoresis), une technique qui se base sur les differences de 
migration electrophoretique des enzymes codees par les differentes alleles d'un gene. Afin de 
distinguer les souches appartenant a ce groupe clonal, plusieurs techniques ont ete mises au 
point (Paton et Paton, 1998). 
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La methode du PFGE (guise field gel electrophoresis) permet de comparer les patrons de 
digestion de l'ADN genomique des souches analysees en utilisant une enzyme de restriction 
qui coupe peu frequemment, generalement Xbal pour 0157:H7. Lors de l'electrophorese, le 
changement de direction du courant electrique permet une separation adequate des fragments 
d'ADN de hauts poids moleculaires (Lukinmaa et al., 2004; Renter et al., 2003). La technique 
PFGE a l'avantage de ne pas utiliser d'amorces ce qui signifie que n'importe quelle souche 
peut etre analysee avec cette technique «universelle» peu importe si Ton dispose ou non 
d'information sur son genome. Ce puissant outil moleculaire permet d'evaluer les 
rearrangements genetiques, mais ne detecte pas les petites insertions et/ou deletions. Le 
reseau PulseNet, cree par le Centre for Diseases Control and Prevention (CDC), permet de 
suivre les epidemies d'infections a 0157:H7 via une standardisation de la technique du PFGE. 
En realite, PulseNet permet aux differentes agences de sante publique d'echanger les 
informations de leur pays afin d'exercer une epidemiosurveillance mondiale. 
Bien que le PFGE soit considere comme la methode par excellence pour les etudes 
epidemiologiques en lien avec 0157:H7, il a ete demontre que cette technique ne constitue pas 
un outil adequat pour evaluer la relation genetique entre les souches a moins d'utiliser 
plusieurs enzymes (Davis et al., 2003). II faut aussi savoir que cette technique est fastidieuse, 
l'appareil a electrophorese est couteux et Panalyse des patrons de restriction peut etre 
subjective. Afin de palier a ces desavantages, d'autres techniques moleculaires ont recemment 
ete developpees pour 0157:H7. 
Les VNTR (variable number tandem repeat) sont des portions d'ADN de taille variable, 
constitutes de repetitions en tandem d'un motif unitaire de taille egalement variable. 
L'analyse de plusieurs de ces VNTR correspond a la technique MLVA (multiple-locus VNTR 
analysis). Les VNTR sont amplifies par PCR en utilisant des amorces fluorescentes et la 
taille des amplicons est analysee a l'aide d'un sequenceur. Lors d'etudes epidemiologiques, le 
MLVA possede une sensibilite comparable au PFGE, mais il est plus specifique (Noller et al., 
2003a). Le MLVA est une excellente methode pour estimer les relations genetiques entres les 
souches de 0157:H7 particulierement chez les isolats genetiquement proches. Cette technique 
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est facile a realiser, rapide et permet 1'analyse de plusieurs VNTR dans une meme reaction 
PCR (multiplex), mais elle est couteuse (Keys et al., 2005). 
La methode AFLP (amplified fragment length polymorphism) implique la digestion de l'ADN 
genomique par deux enzymes, une qui coupe frequemment et l'autre rarement. Les fragments 
generes sont lies a des adaptateurs specifiques et subiront une amplification en utilisant des 
amorces reconnaissant les oligonucleotides ajoutes. La detection des fragments et 1'evaluation 
de leur taille s'effectue par autoradiogramme (amorces radioactives) ou a l'aide d'un 
sequenceur automatique (amorces fluorescentes) (Lukinmaa et al., 2004). Pour 0157:H7, 
cette technique offre une meilleure resolution genetique que le PFGE et est moins sensible a la 
qualite de l'ADN (degradation). L'utilisation de deux enzymes de restriction permet d'obtenir 
plus de fragments qu'avec le PFGE augmentant ainsi le pouvoir de discrimination. Bien 
qu'elle soit couteuse, cette methode pourrait done etre utilisee pour 1'analyse de 0157:H7 lors 
d'epidemies (Zhao et al., 2000). 
Le PCR-RFLP (restriction fragment length polymorphism) consiste a amplifier une sequence 
connue chez differentes souches, digerer les amplicons obtenus et comparer sur gel les 
fragments generes (Lukinmaa et al, 2004). Cette technique, ciblant la region V des phages 
Stx de 0157:H7, est plus pratique et plus fiable que le PFGE pour des etudes 
epidemiologiques (Shima et al., 2006). 
Une etude a revele que le PFGE est une meilleure technique pour discriminer les sous-types de 
0157:H7 lors d'une epidemie que le ribotypage (RFPL pour les ADN codant les ARNr 
combine a un buvardage Southern), le AFLP, le rep-PCR (repetitive extragenic palindrom-
PCR) (Hahm et al, 2003). 
La methode RAPD (random amplified polymorphic DNA) utilise des amorces qui amplifient 
au hasard differentes regions de l'ADN produisant ainsi des patrons qui pourront etre 
compares entre les souches. Le RAPD offre des avantages economiques et pratiques, mais 
cette methode est critiquee puisque les conditions PCR utilisees sont peu stringentes et elle 
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manque de reproductibilite (Lukinmaa et ah, 2004). Toutefois, cette technique a ete 
standardised pour 0157:H7 et semble maintenant reproductible et discriminante (Hopkins et 
Hilton, 2001). Malgre ce progres, le RAPD semble etre utilise pour la detection de 0157:H7 
et non pour des etudes epidemiologiques. 
L'etude de revolution genetique chez les bacteries peut s'effectuer a l'aide d'une technique 
nommee MLST (multilocus sequence typing) qui est basee sur le sequencage d'enzymes 
«housekeeping» visant a etudier les variations genetiques. Les genes cibles subiront une 
amplification PCR et le sequencage des amplicons permettra d'analyser les differences au 
niveau de la sequence en nucleotides (Enright et Spratt, 1999). Une etude a demontre que le 
MLST ne permet pas d'identifier la diversite genetique entre les isolats de 0157:H7 
contrairement a la technique du PFGE (Noller et ah, 2003b). 
6. La genomique comparative 
6.1 Un survol de la technologie des puces a ADN 
Les puces a ADN constituent une puissante technologie a haute resolution permettent 
l'analyse d'une multitude de genes de facon simultanee et dans certains cas du genome entier 
ce qui constitue un avantage considerable comparativement aux techniques de PCR et de 
buvardage Northern. Au depart, les puces a ADN ont ete developpees pour etudier 
l'expression differentielle des genes. Ce type d'etude transcriptionnelle permet de comparer 
l'expression des ARN messagers chez divers organismes. Par la suite, la technique a ete 
adaptee pour permettre la comparaison des genomes entre differents organismes. Dans ce cas, 
l'uilisation de puces a ADN permet d'etablir les genes presents et absents chez les organismes 
compares. Dans ce cas, on utilise le terme «genomique comparative». L'annexe 1 decrit 
l'aspect technique de la conception des puces a ADN. 
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6.2 Le principe de la genomique comparative 
La technologie des puces a ADN est basee sur un principe fondamental de l'ADN : la 
complementaite des nucleotides. Lorsqu'une sonde d'ADN (fragment marque par un 
fluorophore) rencontre une sequence complementaire (gene) imprimee sur la puce, une 
hybridation entre les deux molecules s'effectue. L'hybridation sera plus ou moins forte 
dependamment du degre d'homologie entre les deux sequences. Lors des differents lavages, 
la stringence des solutions est augmentee ce qui implique que les sequences faiblement 
complementaires se detacheront puisque les ions permettant de maitenir ces sequences liees 
seront en tres faible quantite. Par contre, les sequences fortement complementaires 
demeureront «soudees» grace aux liaisons hydrogenes presentes entre les bases azotees. Une 
fluorescence sera emise lors de 1'analyse des puces pour les sondes ayant trouvees une 
sequence complementaire indiquant que ce gene est present chez l'organisme etudie. 
6.3 Les applications de la genomique comparative 
Au cours des annees, la comprehension de la pathogenicity de certaines bacteries a 
grandement evoluee par l'utilisation de la genomique comparative. En realite, cette technique 
a permis d'identifier plusieurs genes de virulence associes aux souches pathogenes et meme, 
dans certains cas, des cibles therapeutiques ont ete decouvertes. La comparaison du genome 
de plusieurs souches virulentes a ete realisee dont E. coli (Dobrindt et ah, 2003; Korczak et 
al., 2006), Streptococcus pneumoniae (Silva et al., 2006), S. aureus (Sergeev et ah, 2004b), 
Helicobacter pylori (Salama et al., 2000) et Camylobacter jejuni (Dorrell et al., 2007). 
D'autres etudes de genomique comparative ont egalement permis de mieux comprendre la 
diversite et revolution de certains pathogenes tels Mycobacterium tuberculosis (Behr et al., 
1999), E. coli 0157:H7 (Wick et al, 2005), Yersinia pestis (Zhou et al, 2004) et S. aureus 
(Fitzgerald et ah, 2001). Les nombreuses applications concretes decoulant de la genomique 
comparative ont apporte une reelle revolution dans plusieurs domaines de la microbiologic 
Les puces peuvent servir a detecter la presence de bacteries pathogenes dans les aliments 
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(Wang et al., 2007), dans l'eau (Lee et al., 2006) et a identifier des agents relies au 
bioterrorisme (Sergeev et al., 2004a). Cette technique peut aussi etre utilisee pour identifier 
des souches pathogenes ainsi que pour determiner leurs virotypes et pathotypes (Bekal et al., 
2003; Palaniappan et al., 2006). L'identification de genes de resistance aux antibiotiques peut 
egalement etre fait par genomique comparative (Bruant et ah, 2006). Ultimement, les 
biopuces pourraient etre utilisees a des fins de diagnostique medical permettant d'identifier 
rapidement un pathogene, d'etablir son profil de resistance et de virulence et de determiner le 
traitement approprie. Une equipe a meme developpe une puce permettant Fidentification de 
18 pathogenes incluant des bacteries, virus et organismes eucaryotes (Wilson et al., 2002). 
6.4 Des exemples d'etudes utilisant la genomique comparative chez 0157:H7 
La technologie des puces a ADN appliquee a la genomique comparative n'est pas encore 
largement repandue pour l'etude de 0157:H7 contrairement a d'autres pathogenes, mais 
certains groupes de recherches ont realise d'interessantes etudes a 1'aide de cette technique. 
La genomique comparative a ete utilisee pour detecter certains variants des genes du SST3 
chez 0157:H7 (Garrido et al., 2006) ainsi que pour distinguer les souches 0157:H7 des 
souches E. coli non pathogenes (Wu et al., 2003) ou tout simplement pour identifier cette 
bacterie (Jin et al, 2005). Le developpement d'une biopuce a haute resolution (a la base pres) 
a permis la discrimination entre differents isolats d'E. coli 0157:H7 ainsi que la detection de 
deletions, de substitutions et de regions hypervariables (Jackson et al., 2006). En 2007, la 
genomique comparative a permis de confirmer l'existence de deux lignees de E. coli 0157:H7 
(lignees I et II) (Zhang et al., 2007) prealablement identifiers (Kim et al., 1999). Nos resultats 
de genomique comparative par hybridation sur puces a ADN de 346 genes supportent 
l'existence de deux lignees, une retrouvee principalement chez les bovins, l'autre chez les 
humains (Lefebvre et ah, 2008). Cette annee un equipe a realise une etude utilisant la 
genomique comparative qui demontre que les souches 0157:H7 n'appartiennent pas toutes au 
meme groupe clonal et que celles ressemblant plus a la souche K12 devraient etre moins 
virulentes (Wu et al, 2008). 
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7. Acquisition, transport, entreposage et utilisation du fer chez E. coli 
7.1 L'assimilation du fer 
Le fer, implique dans de nombreux processus biologiques, est un element essentiel a la survie 
des microorganismes. II est retrouve sous deux formes : Fe2+ (fer ferreux) ou il est soluble et 
disponible; Fe3+ (fer ferrique) ou il est insoluble et peu disponible. Lors d'une infection, le fer 
est majoritairement retrouve sous forme Fe3+ et est chelate par les proteines de l'hote le 
rendant non disponible et difficilement assimilable par les bacteries (Braun et al., 1998). Afin 
de contourner ce probleme, les bacteries ont elabore plusieurs ruses leur permettant d'acquerir 
le precieux metal aux depends de l'organisme parasite (Andrews et al., 2003). Tout d'abord, 
les bacteries sont en mesure d'assurer leur approvisionnement en fer par l'utilisation de 
siderophores exogenes et endogenes (section 4.18.2). De plus, certains microorganismes 
peuvent acquerir le fer emprisonne au niveau des proteines de l'hote (section 4.18.3). Le fer 
sous la forme Fe2+ peut etre egalement etre transports par certaines bacteries (section 4.18.4). 
Finalement, les transporters de type ABC sont un moyen emprunte par de nombreuses 
bacteries pour acquerir le fer (section 4.18.5). 
7.2 Les siderophores 
Dans un milieu carence en fer, la majorite des bacteries synthetisent des siderophores qui sont 
de petites molecules (< 1000 Da) capables de chelater le fer (Fe3+) avec une haute affinite. Ce 
processus permet aux bacteries d'assurer leur approvisionnement en fer. Les siderophores 
sont de types hydroxamate, catechol ou mixte (Figure 11) selon la nature chimique du 
groupement chelateur et sont recuperes par les microorganismes grace a des recepteurs 
specifiques situes au niveau de la membrane externe (Braun et al., 1998). 
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Figure 11. Les types de siderophores retrouves chez E. coli. 
L'enterobactine (A), un siderophore de type cathecolate; le ferrichrome (B), un 
siderophore de type hydroxamate et la yersiniabactine (C) un siderophore mixte. 
A Tire de Andrews et al., 2003. 
B Tire de Andrews et al., 2003. 
C Tire de Schubert et al, 2004. 
Le complexe Fe -siderophore est trop volumineux pour passer la membrane externe (limite 
d'exclusion ~600 Da), l'internalisation se fait a l'aide d'une proteine de la membrane 
bacterienne (Figure 12) (Andrews et al., 2003). 
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Figure 12. Representation schematique de l'acquisition du fer chez E. coli grace 
aux siderophores. Tire de Andrews et al., 2003. 
7.2.1 Les siderophores comtnuns 
Les siderophores endogenes de type cathecolate (l'enterobactine et ses derives, le 
dihydrobenzoate et le dihydrobenzoylserine) ou exogenes de type hydroxamate (le coprogen, 
le ferrichrome, la ferrioxamine et le rhodotorulate) sont utilises par la majorite des souches de 
E. coli qu'elles soient pathogenes ou non. E. coli possede egalement un recepteur (FecA) lui 
permettant de Her le dicitrate ferrique, un siderophore exogene (Braun et al., 1998). 
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enterobactine-Fe3* 
Figure 13. Representation schematique des systemes de transport du fer chez E. coli. 
II est a noter que le complexe TonB-ExbB-ExbD interagit avec tous les 
recepteurs de la membrane externe et pas seulement avec FepA. 
Adapte de Andrews et ah, 2003. 
Chez E. coli, il existe au moins 6 recepteurs de la membrane externe (Figure 13), qui sont tous 
dependants du systeme TonB-ExbB-ExbD (section 4.17.2.2). Ces recepteurs sont specifiques 
aux siderophores qu'ils transportent. Le passage du complexe Fe +-siderophore de la 
membrane externe a la membrane interne s'effectue grace au transporteur ABC (ATP binding 
cassette). Pour se faire, une proteine periplasmique transporte le complexe Fe3+-siderophore 
jusqu'au recepteur de la membrane cytoplasmique et le complexe est ensuite libere dans le 
cytoplasme grace a des proteines a activite ATPase. Par la suite, le complexe Fe3+-
siderophore doit etre dissocie ce qui s'effectue par la reduction de Fe3+ en Fe2+. Pour les 
siderophores endogenes, ce role est joue par une esterase (fes). On ne connait pas encore 
clairement le fonctionnement pour les siderophores exogenes. Les bacteries peuvent 
egalement entreposer le fer dans leur cytoplasme sous forme de reserve. Puisque le Fe + est 
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tres nocif, il doit etre complexe a des proteines cytoplasmiques afin de permettre son 
entreposage. La ferritine (eucaryotes et procaryotes), la bacterioferritine (eubacteries) et les 
proteines Dps (procaryotes) sont des proteines d'entreposage du fer (Andrews et al, 2003). 
7.2.2 Le systeme TonB-ExbB-ExbD 
Le transport des siderophores au travers la membrane externe demande de l'energie qui est 
fournie par le gradient electrochimique de la membrane cytoplasmique. Le systeme TonB-
ExbB-ExbD permet la transduction de l'energie requise pour ce processus. Les proteines 
ExbB et ExbD sont integralement ancrees a la membrane interne tandis que TonB possede une 
portion periplasmique ainsi qu'une portion membranaire (Figures 12-13). Les recepteurs de la 
membrane externe possedent une «boite TonB» pouvant se lier a TonB qui a ete prealablement 
energise par les proteines ExbB et ExbD. La liaison de TonB energise aux recepteurs de la 
membrane externe provoque un changement de conformation du recepteur permettant 1'entree 
du siderophore dans le periplasme (Andrews et al., 2003). 
7.2.3 Les siderophores des bacteries pathogenes 
En plus de l'enterobactine {entABCDEF), les souches de E. coli pathogenes synthetisent 
plusieurs autres siderophores dont l'aerobactine, la yersiniabactine et la salmocheline facilitant 
leur approvisionnement en fer. Ces siderophores et leurs systemes de transport sont retrouves 
sur des plasmides ou sur des ilots de pathogenicite (Andrews et al., 2003; Dobrindt et al., 
2002; Russo et ah, 2002). L'aerobactine, codee par les genes iucABCD (synthese) et iutA 
(transport), est un siderophore de type hydroxamate frequemment retrouve chez les souches E. 
coli pathogenes particulierement les ExPEC. Les genes codant l'aerobactine sont 
frequemment retrouves sur les plasmides ColV (Andrews et al., 2003; Slayers et Whitt, 2002). 
La yersiniabactine est un siderophore de type mixte retrouve chez les especes hautement 
pathogene de Yersinia (pestis, pseudotuberculosis et enterocoliticd). Les genes irpl, irp2 
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(synthese) et fyuA (recepteur) sont retrouves sur l'ilot de pathogenicite HPI (high 
pathogenicity island) de Yersinia et souvent retrouves chez les souches ExPEC (Koczura et 
Kaznowski, 2003; Slayers et Whitt, 2002). La salmocheline (iroBCDEN) est un siderophore 
de type catecholate caracterise pour la premiere fois chez Salmonella enterica (Hantke et ah, 
2003), mais egalement retrouve chez les ExPEC (Sorsa et ah, 2003). Fait interessant, nous 
avons aussi detecte ces genes chez des souches d'E. coli isolees de poulet sain (Article 5). 
7.3 Utilisation du fer chelate aux proteines de l'hote 
Les bacteries pathogenes peuvent egalement capter le fer grace a des recepteurs specifiques a 
certaines proteines de l'hote ayant une grande affinite pour le fer. Ces recepteurs, situes au 
niveau de la membrane externe bacterienne, internalisent les proteines de l'hote qui chelatent 
le fer telles la transferrine et la lactoferrine. Les bacteries peuvent aussi acquerir le fer de 
l'heme et de l'hemoglobine, mais les globules rouges doivent etre prealablement lyses afin de 
liberer ces proteines (Braun et ah, 1998). E. coli 0157:H7 est en mesure d'acquerir l'heme en 
utilisant le recepteur ChuA (E. coli heam-utilization gene) TonB-dependant (Andrews et ah, 
2003). Chez 0157:H7, la capacite a utiliser l'heme pourrait favoriser sa multiplication (Torres 
et Payne, 1997). En fait, l'enterohemolysine de 0157:H7 pourrait permettre de lyser les 
erythrocytes rendant ainsi l'heme disponible pour le pathogene ce qui contribuerait a 
l'infection, mais son implication reelle dans la pathogenese n'est pas connue (Gyles, 2007). 
Par contre, un etude a demontre que 1'acquisition du fer via l'heme contribue a la virulence de 
CFT073 (UPEC humain) chez la souris (Torres et ah, 2001). 
7.4 Transport du fer ferreux (Fe2+) 
L'intestin represente un environnement anaerobique ou le fer est present sous la forme Fe , 
done disponible. Dans ces conditions, E. coli est en mesure d'acquerir le ferreux (Fe2+) grace 
au systeme Feo (Figure 13) code par les genes feoABC (Braun, 2003). 
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7.5 Transporteurs de metaux de type ABC 
Une autre strategie elaboree par les bacteries pour acquerir le fer est l'utilisation de 
transporteurs de type ABC (ATP-binding-cassette) ayant de l'affinite pour les ions metalliques 
divalents dont Fe +, Mn + et Zn2+. Ces transporteurs ne requierent pas obligatoirement 
l'utilisation de recepteur membrannaire ou de siderophore (Andrews et ah, 2003). Le systeme 
SitACBD (Salmonella iron transport) homologue a celui present chez Salmonella enterica 
serovar Typhimurium a egalement ete identifie chez Yersinia pestis, Shigella spp. ainsi que 
chez des souches d'E. coli pathogenes telles CFT073 (UPEC) et chi7122 (APEC) (Sabri et al., 
2006; Snyder et al., 2004). Ce syteme est un membre de famille des transporteurs de metaux 
de type ABC dependant d'une liaison avec des proteines periplasmiques. 
7.6 La regulation des systemes de transport du fer 
Chez E. coli, plusieurs siderophores et systemes de transport du fer sont documented et leur 
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Figure 14. Representation schematique de la regulation de 1'expression des systemes 
de transport du fer par Fur. Adapte de Andrews et al., 2003. 
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En presence de fer, le regulateur Fur est actif et lie une sequence nommee «boite fur» situee 
entre les boites -35 et -10 du promoteur ce qui provoque la repression de l'expression des 
genes de transport du fer. A l'inverse lorsque le fer est rare, Fur est libre et inactif permettant 
alors la transcription de ces genes. II existe aussi des genes dont l'expression est induite par le 
fer d'une maniere Fur-dependante. Cependant, ces genes ne semblent pas posseder de «boite 
fur» et sont apparemment indirectement regules par Fur (Andrews et ah, 2003). En realite, 
plusieurs de ces genes dont bfn etftn, deux genes d'entreposage du fer, sont regules par RyhB, 
un petit ARN antisens de 90 nucleotides lui-meme regule par Fur. Lorsque le fer est absent ou 
present en faible quantite, le regulateur Fur est inactif ce qui permet l'expression du gene ryhB 
ainsi que des genes relies au transport du fer. A l'oppose, les genes relies a l'entreposage du 
fer ne sont pas exprimes (Figure 15) (Masse et Gottesman, 2002). 
Fer 
repression des genes 





expression des genes 
de transport du fer 
repression expression 
de ryhB de ryhB 
expression repression 
des genes d'entreposage du fer 
Figure 15. Modele de regulation par Fur et RyhB. 
Tire de Masse et Gottesman, 2002. 
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8. L'hypermutabilite 
8.1 Theorie relative a l'hypermutabilite 
La survie des bacteries est basee sur les processus de reparation et de replication fidele de 
l'ADN. Toutefois, les bacteries doivent aussi etre en mesure de s'adapter aux changements de 
leur environnement; les mutations non-deleteres ainsi que 1'acquisition de materiel genetique 
etranger permettent cette adaptation. Selon la litterature, une souche hypermutable est 100 a 
1000 fois plus apte a muter qu'une souche sauvage. 11 a ete demontre que le phenotype 
d'hypermutabilite chez les souches de E. coli et de Salmonella peut etre cause par des 
insertions et/ou des deletions dans les genes de reparation de l'ADN soit au niveau du systeme 
MMRS (methyl-directed mismatch repair system) (Cebula et LeClerc, 2000; LeClerc et ah, 
1996). Le systeme MMRS est une barriere a l'echange genetique intra et inter-espece qui 
empeche la recombinaison entre des sequences d'ADN dissemblables. Une mutation dans ce 
systeme modifie les fonctions du MMRS augmentant alors le taux de mutation du a des 
erreurs de reparation et permet l'acquisition de materiel genetique etranger (Cebula et 
LeClerc, 2000). La litterature propose que les souches hypermutables puissent etre 
selectionnees et persister dans un hote sujet a une antibiotherapie ou a tout autre facteur 
modulant des changements environnementaux chez l'hote (Rainey et Moxon, 2000). II est 
suggere que la haute frequence de mutation des hypermutants puisse contribuer a l'emergence 
rapide de la resistance aux antibiotiques ainsi qu'en revolution des agents pathogenes par 
l'acquisition de genes de virulence (LeClerc et al., 1996). 
8.2 L'hypermutabilite chez les bacteries commensales et pathogenes 
La prevalence des souches hypermutables chez les populations commensales et pathogenes est 
evaluee a environ 1% contredisant la theorie selon laquelle les hypermutants sont rarement 
retrouves dans les populations bacteriennes (LeClerc et al., 1996). L'hypermutabilite est 
retrouvee chez de nombreuses bacteries pathogenes telles E. coli 0157:H7, E. coli 
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uropathogene (UPEC), Salmonella enterica, S. aureus, Pseudomonas aeruginosa, 
Haemophilus influenzae et Neisseria meningitidis (Denamur et ah, 2002; LeClerc et al., 1996; 
Oliver et al, 2000; Prunier et al, 2003; Richardson et al 2002; Watson et al, 2004). 
8.3 L'hypermutabilite et la resistance aux antibiotiques 
Une etude a demontre que 36% des sujets atteints de fibrose kystique sont colonises par des 
souches de Pseudomonas aeruginosa hypermutables. Chez ces patients, l'antibiotherapie 
provoque des changements dans l'environnement bacterien favorisant le phenotype 
d'hypermutabilite ainsi que la resistance aux antibiotiques chez P. aeruginosa. Cette etude a 
egalement revele que la proportion de souches resistantes aux antibiotiques est 
significativement plus elevee parmi les souches hypermutables comparativement aux souches 
non hypermutables (Oliver et al, 2000). De plus, l'hypermutation est consideree comme un 
facteur cle dans le developpement de la multi-resistance aux antibiotiques chez les souches de 
P. aeruginosa causant des infections pulmonaires chroniques (Macia et al, 2005). 
Recemment, une etude in vivo utilisant un modele murin a illustre que l'utilisation 
d'antibiotiques selectionne non seulement des mutants porteurs d'alleles de resistance, mais 
egalement des alleles qui augmentent le taux de mutation bacterien (Giraud et al, 2003). Par 
consequent, il est suggere qu'en plus de creer une pression de selection qui avantage les 
souches resistantes, certains antibiotiques sont des inducteurs augmentant le taux de mutation 
chez les microorganismes. Done, les antibiotiques ne seraient pas seulement des agents 
selectionnant les clones resistants, mais seraient aussi des promoteurs de resistance du a 
F augmentation du taux de mutation chez les bacteries. En fait, un phenotype hypermutant 
augmente les chances de resistance aux antibiotiques par mutation due a la defectuosite du 
systeme MMRS (Blazquez, 2003). En effet, plusieurs etudes ont suggere que les antibiotiques 
puissent selectionner des souches hypermutables et que cette pression selective pourrait 
favoriser leur maintient. Consequemment, les souches deficientes au niveau du MMRS 
seraient avantagees lors d'une antibiotherapie (Gould et al, 2007; Prunier et al, 2003; Watson 
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et al., 2004). Les etudes realisees a ce jour demontrent que les antibiotiques creent une 
pression de selection qui influence revolution bacterienne et qui avantage les bacteries 
hypermutables. Par contre, d'autres recherches sont essentielles pour etablir un lien clair entre 
l'hypermutabilite et la resistance aux antibiotiques. Nous avons, par exemple, tente d'evaluer 
l'effet des promoteurs de croissance dans la production de bovins de boucherie sur l'incidence 
de bacteries hypermutables et resistantes (Lefebvre et al, 2005). 
9. E. coli 0157:H7 dans la production bovine 
9.1 La problematique de 0157:H7 chez le bovin de boucherie 
Chez le bovin, la colonisation intestinale par 0157:H7 est asymptomatique ce qui entrave la 
detection visuelle des animaux porteurs. Pour rendre la tache plus difficile, l'excretion fecale 
de 0157:H7 est transitoire et saisonniere. De plus, la peau d'un animal peut etre contaminee 
malgre 1'absence de colonisation intestinale ce qui est problematique lors des tests 
diagnostiques qui sont d'ailleurs assez longs et couteux. Les producteurs bovins utilisent 
plusieurs methodes de controle afin de tenter d'eliminer le pathogene, mais aucune d'entre 
elles n'est en mesure de l'enrayer completement. Le controle de 0157:H7 chez le bovin 
represente un defi majeur puisque les sources de contamination sont nombreuses (eau, 
nourriture, environnement, animaux sauvages et domestiques). Bien que les bovins soient des 
porteurs sains de 0157:H7, cette bacterie n'est pas sans causer de soucis aux producteurs 
puisqu'elle est transmise a l'humain via la chaine alimentaire et entraine d'importantes pertes 
economiques et de graves consequences pour la sante humaine (Callaway et ah, 2004; 
LeJeune et Wetzel, 2007). 
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9.2 Methodes de detection de 0157:H7 chez le bovin de boucherie 
Les prelevement de choix pour l'isolement de 0157:H7 chez le bovin de boucherie sont les 
echantillonage rectaux, les prelevements de matiere fecale fraichement emise ou la recolte de 
feces directement dans l'intestin de bovins a l'abattoir. L'identification de 0157:H7 chez les 
bovins qui sont des porteurs sains depend de l'enrichissement prealable des echantillons de 
feces dans un bouillon peptone additionne de vancomycine, de cefixime et de cefsulodin. Par 
la suite, une gelose MacConkey a laquelle est ajoute 1% de sorbitol (compose differentiel), de 
la cefixime et du tellurite de potassium (composes inhibant la croissance de la flore 
intestinale). La gelose SMACCT contient egalement du violet crystal inhibant les bacteries a 
Gram positif. Une etape de separation immunomagnetique utilisant des billes magnetiques 
couplees a des anticorps diriges contre le lipopolysaccharide 0157 peut egalement etre 
employee avant 1'ensemencement de la gelose selective et differentielle. Les colonies ne 
fermentant pas le sorbitol (incolores) sont selectionnees, car elles representent majoritairement 
les souches de 0157:H7. L'identification de 0157:H7 s'effectue par des epreuves 
biochimiques (galerie API 20E), par agglutination au latex ou par agglutination avec un 
antiserum contre 0157. La presence des genes eaeA, ehlyA, stxl, stx2 et fliCh7 associes a 
0157:H7 est confirme par PCR. Tout recemment, une nouvelle methode de detection des 
troupeaux porteurs de 0157:H7 a ete mis au point. La technique consiste a mettre en culture 
des cordes laissees a la portee des bovins afin de detecter la presence de 0157:H7 chez ces 
derniers. Les cordages sont places au dessus des reservoirs de nourriture et d'eau permettant 
aux bovins de les saisir avec leur bouche (Smith et ah, 2004). 
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9.3 Methodes de controle de 0157:H7 chez le bovin de boucherie 
9.3.1 Les probiotiques 
Les probiotiques sont des bacteries commensales inoffensives utilisees pour modifier la flore 
de l'hote resultant en des effets benefiques sur celle-ci. Ces bacteries benefiques peuvent etre 
utilisees afin de reduire la colonisation intestinale par des bacteries pathogenes ou pour en 
diminuer la prevalence. Les probiotiques agissent a titre de competiteurs (competition pour 
les nutriments et/ou pour les sites d'attachement de l'intestin) ou d'antagonistes (production de 
composes toxiques tels les antibiotiques et bacteriocines) envers les bacteries pathogenes 
intestinales. Les probiotiques pourraient etre utilises pour reduire l'excretion fecale 0157:H7 
chez le bovin (Callaway et al., 2003; LeJeune et Wetzel, 2007). De recentes recherches ont 
conduit a isoler de l'intestin de bovin (exempt de 0157:H7), une population de E. coli 
produisant des colicines et ayant le potentiel de deplacer 0157:H7 chez le bovin adulte, de 
reduire son excretion fecale chez le veau neonatal (Zhao et al., 2003) et chez le veau sevre 
(Tkalcic et ah, 2003). Une culture de Lactobacillus acidophilus a demontre son efficacite a 
reduire la prevalence et l'excretion fecale de E. coli 0157:H7 chez le bovin et ce lors de 
plusieurs etudes (Brashears et al., 2003; Elam et al., 2003; Peterson et al., 2007; Stephens et 
al., 2007; Younts-Dahl et al., 2005). Ce produit, actuellement disponible aux USA, est utilise 
dans plusieurs troupeaux de bovins (Callaway et al., 2004). 
9.3.2 Les antibiotiques et ionophores 
Le sulfate de neomycine diminue significativement l'excretion fecale de 0157:H7 ainsi que la 
population fecale chez le bovin. Ce compose pourrait etre interessant a utiliser pour le 
controle de ce pathogene chez le bovin puisqu'il doit etre retire seulement 24 heures avant 
l'abattage. Bien que ce compose ne soit pas employe en medecine humaine, sa similarite avec 
les antibiotiques de la famille des aminoglycosides rend son utilisation controversee en 
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production animale par peur de developpement d'une resistance croisee (Callaway et al., 
2004; LeJeune et Wetzel, 2007). 
En production bovine, les ionophores, une sous-classe d'antibiotiques, sont utilises 
principalement pour ameliorer l'efficacite alimentaire augmentant ainsi indirectement la masse 
corporelle des animaux (Russell et Houlihan, 2003). Les etudes visant a etudier 1'impact de 
l'utilisation des ionophores chez le bovin sur la prevalence de l'excretion fecale de 0157:H7 
sont contradictoires. D'une part, les ionophores semblent influencer la prevalence de 
l'excretion fecale de 0157:H7 chez le bovin (Herriott et al., 1998). Par contre, d'autres etudes 
ont suggere que les ionophores n'affectent pas significativement la prevalence et l'excretion 
fecale de 0157:H7 chez le bovin (Dargatz et al, 1997; Edrington et al., 2003; McAllister et 
al., 2006). 
9.3.3 L'inhibition des voies metaboliques specifiques 
Le chlorate de sodium reduit la prevalence de 0157:H7 dans les feces et dans 1'intestin des 
bovins. L'effet benefique de ce compose, un analogue des nitrates, est du a sa reduction en 
chlorite, un metabolite bactericide, par la nitrate reductase en condition anaerobique. La FDA 
(Food and Drug Administration) evalue actuellement la possibilite d'utiliser le sodium 
chlorate dans la production animale (Callaway et al., 2004; LeJeune et Wetzel, 2007). 
9.3.4 Les bacteriophages 
L'utilisation de bacteriophages pour reduire la prevalence de l'excretion fecale de 0157:H7 
chez le bovin de boucherie est encore loin d'etre approuvee due aux resultats variables 
obtenus, a la faible efficacite de cette methode in vivo ainsi qu'a la faible quantite d'etudes in 
vivo realisees chez le bovin. D'autres recherches sont necessaires avant que les 
bacteriophages puissent etre consideres comme une methode de controle efficace de 0157:H7 
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chez le bovin (Callaway et al., 2004; LeJeune et Wetzel, 2007). De plus, l'impact de cette 
methode sur la microflora normale ainsi que sur Penvironnement reste a etre evalue. 
9.3.5 La vaccination 
Une equipe de recherche a mis au point un vaccin oral fait a partir de plantes de tabac 
transgeniques exprimant l'intimine. En utilisant un modele murin, ce groupe a demontre que le 
vaccin reduit la duree d'excretion fecale de 0157:H7 suite a «challenge bacterien» suggerant 
ainsi son application pour l'immunisation des bovins via leur alimentation (Judge et al., 2004). 
D'autre part, un vaccin compose des proteines du SST3 (Tir et Esps [E. coli secreted 
proteins]) de 0157:H7 a ete developpe permettant de reduire la duree d'excretion fecale, le 
nombre de bacteries excretees ainsi que le nombre d'animaux excretant le pathogene suite a un 
«challenge bacterien» (Potter et al., 2004). Par contre, lors d'essai sur le terrain en condition 
normale d'elevage, aucune association significative n'a ete rapportee entre la vaccination et la 
prevalence de 0157:H7 dans les feces des bovins (Van Donkersgoed et al., 2005). Malgre les 
pietres performances du vaccin lors des essais en pares d'engraissement, il est maintenant 
disponible commercialement au Canada. 
9.3.6 Modification de la diete 
A travers de nombreuses etudes, il a ete demontre que des modifications au niveau de la diete 
des bovins entrainent des changements au niveau gastro-intestinal pouvant alterer la survie de 
0157:H7 et son excretion fecale. Par contre, certaines etudes sont controversies et d'autres 
sont contradictoires. Par consequent, il est difficile d'identifier clairement les lignes 
directrices a suivre en matiere d'alimentation bovine permettant de controler 0157:H7 
(Callaway et al., 2004; LeJeune et Wetzel, 2007). 
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10. Promoteurs de croissance utilises au Quebec dans l'elevage bovin 
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Lors de l'elevage des bovins de boucherie (annexe 2), les promoteurs de croissance (Tableau 
5) sont largement utilises dans le but de prevenir les infections sous-cliniques, ameliorer la 
conversion alimentaire et augmenter le gain de poids. 
Les promoteurs de croissance dont l'utilisation est reglementee par la legislation canadienne 
(Agence canadienne d'inspection des aliments) sont divises en trois categories soient les 
anabolisants (hormones steroi'diennes), les antibiotiques et les ionophores (antibiotiques 
polyether). En general, les promoteurs de croissance sont administres dans la nourriture, dans 
l'eau, par injection ou par implantation cutanee a tout le troupeau (McEwen, 2002). 
Au Canada, six stimulateurs hormonaux sont homologues pour les bovins de boucherie. La 
progesterone, la testosterone ainsi que l'oestradiol-17-p sont des hormones naturelles. Pour 
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leur part, le zeranol, l'acetate de melengestrol et l'acetate de trenbolone sont synthetiques 
(ACIA, 2004). Le role des hormones, administrees sous forme d'implants cutanes, est de 
stimuler la croissance des animaux et le developpement musculaire en augmentant la synthese 
proteique (Johnson et ai, 1996). 
Actuellement, il existe seulement trois ionophores permis dans l'industrie bovine : le sodium 
de monensin, la salinomycine sodique et la lasalocide sodique (ACIA, 2004). Les ionophores 
sont des antibiotiques de petite taille qui transportent des ions a travers les membranes 
cellulaires. Ces composes perturbent le potentiel membranaire en augmentent la concentration 
intracellulaire de H+ provoquant une activation des pompes ATPases et par consequent une 
diminution de la reserve d'ATP intracellulaire qui se solde ultimement par la mort cellulaire 
(Callaway et al., 2003). II est connu que les ionophores ont un effet sur les cellules 
mammaliennes, mais les consequences chez l'homme n'ont pas ete determinees 
experimentalement ce qui resulte en une absence de l'utilisation de ces composes en medecine 
humaine. L'utilisation de ces molecules dans l'industrie bovine est justifiee par le fait que les 
bovins tolerent les ionophores grace a des enzymes hepatiques qui les degradent et les 
inactivent (Russell et Houlihan, 2003). Les ionophores sont utilises pour prevenir ou traiter la 
coccidiose (graves diarrhees causee par des protozoaires) et dans le but d'inhiber les bacteries 
Gram positif (ACIA, 2004). Generalement, les ionophores sont efficaces contre les Gram 
positif, car l'absence d'une membrane externe laisse passer ce compose lipophile et lui permet 
d'atteindre la membrane plasmique ou il peut s'integrer et produire l'activite qu'on lui connait. 
Par contre, chez les bacteries Gram negatif, la membrane externe et le LPS empechent la 
penetration des ionophores et les rendent insensibles a leurs effets (Callaway et ah, 2003). De 
facon indirecte, les ionophores augmentent l'efficacite alimentaire et stimulent la croissance 
bovine en affectant plusieurs voies metaboliques de l'animal dont la production de methane, 
de propionate, d'acetate, de lactate et d'ammoniaque en inhibant les bacteries productrices 
d'hydrogene, de lactate et d'ammoniaque (Callaway et ah, 2003; Russell et Houlihan, 2003). 
Dans une optique de prophylaxie et/ou de therapie, plusieurs antibiotiques sont administres 
aux bovins pour lutter contre la diarrhee et la pneumonie. Dans les pares d'engraissement 
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canadiens, des injections de penicilline (pMactame), de tetracycline (tetracycline), de ceftiofur 
(cephalosporine), de tilmicosine (macrolide), de florfenicol (chloramphenicol) et/ou de 
trimefhoprime/sulfadoxine (diaminopyrimidine/sulfamide) sont administrees aux animaux afin 
de lutter contre ces maladies (McEwen, 2002). En plus d'etre employe comme promoteur de 
croissance, le chlorhydrate de chlortetracycline permet de combattre la diarrhee et le fourchet 
(inflammation suppuree entre les onglons des bovins pouvant degenerer en abces) chez le veau 
(ACIA, 2004). Pour sa part, le chlorhydrate d'oxytetracycline est utilise contre les 
ballonnements et la diarrhee (ACIA, 2004). Les abces au foie (hepatite suppuree) sont traites 
par 1'administration de tylosine (macrolide) ou d'oxytetracycline (McEwen, 2002). Des 
composes anti-helminthes (fenbendazole, levamisole et tartrate de morantel) sont egalement 
utilises pour traiter la presence de vers chez le bovin (ACIA, 2004). 
Les promoteurs de croissance antimicrobiens agissent sur la microflore ruminale en modulant 
les relations symbiotiques entre les microorganismes et 1'animal. Les doses utilisees ne sont 
ni bactericides, ni bacteriostatiques, mais elles exercent un effet metabolique chez certaines 
especes bacteriennes se traduisant en une modulation de la competition au sein de la flore 
intestinale. II en resulte alors en une diminution de la charge microbienne intestinale, en une 
augmentation des nutriments disponibles pour 1'animal et par le fait meme une reduction de 
production de composes toxiques ainsi qu'en une augmentation de 1'absorption intestinale du a 
une paroi plus mince. De facon indirecte, les perfomances bovines sont ainsi ameliorees. 
L'action des anabolisants horomaux est totallement differente des antibiotiques utilises comme 
promoteurs de croissance. Ces substances agissent directement sur le metabolisme de l'animal 
et leurs effets sur les performances zootechniques sont culumes a ceux obtenus avec les 
antibiotiques. Plusieurs publications scientifiques ont demontre que les promoteurs de 
croissance, particulierement les homones, utilises en production bovine peuvent influencer les 
parametres zootechniques (annexe 3) et la qualite de la viande (annexe 4) (Brans et al., 2005; 
Johnson et al, 1996; Scheffler et al, 2003). Notre equipe a confirme que le Revalor-S, un 
anabolisant, ameliore significativement les performances bovines et la qualite de la viande 
(Lefebvre et al, 2006). 
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11. Promoteurs de croissance utilises au Quebec dans l'elevage aviaire 
De nombreux additifs alimentaires (Tableau 6) sont utilises lors de l'elevage de poulets de gril 
(annexe 2). Ces composes sont separes en deux categories : les ionophores et les antibiotiques. 
Tableau 6. Agents incorpores dans 1'alimentation des poulets de gril au Canada. 
Categories Roles des promoteurs Promoteurs Classe ou compose 
Ionophores Prevention de la coccidiosis Ammonium de maduramicine 
Amprolium 







Narasin et nicarbazine 
Nicarbazine 
Semduramicine sodique 
Sodium de monensin 

















Antibiotiques Facteur de croissance Penicilline de penicilline procaine penicillines 
Facteur de croissance Bacitracine de zinc polypeptides 
Amelioration du taux de conversion Disalicylate de methylene de bacitracine polypeptides 
Bacitracine de zinc et penicilline procaine polypeptides / penicilline 
Bambermycines flavophospholipoles (glycolipides) 




Entente non specifique 
Maladies respiratoires chroniques 
Entente Necrotique 
Chlordydrate de chlortetracycline 
Chlordydrate d'oxytetracycline 
Chlordydrate de chlortetracycline 
Chlordydrate d'oxytetracycline 
Chlordydrate de chlortetracycline 
Chlordydrate d'oxytetracycline 
Thiocyanate d'erythromycine 
Bacitracine de zinc 












Mortalite Hative Bacitracine de zinc et penicilline procaine polypeptides 
Bacitracine de zinc polypeptides 
Disalicylate de methylene de bacitracine polypeptides 
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Une premiere categorie regroupe les ionophores utilises pour prevenir la coccidiose et la 
seconde comprend les antibiotiques utilises pour prevenir ou traiter les infections bacteriennes, 
mais egalement pour ameliorer la croissance des animaux ainsi que la conversion alimentaire 
(AC1A, 2004). D'autres antibiotiques (enrofloxacine, neomycine, novobiocine, tylosine, 
streptomycine et sulfonamides) sont egalement administres aux poulets de gril. lis sont 
administres par voie orale via la nourriture ou l'eau. Les antibiotiques administres a petite 
dose de facon preventive permettent generalement d'eviter la dose plus forte qu'il faudrait 
administrer aux animaux s'ils tombaient malades. Les eleveurs sont tenus de respecter une 
periode de retrait rigoureuse pour s'assurer que les antibiotiques aient ete totalement elimines 
par l'oiseau avant sa mise en marche. Depuis plus de 40 ans, Futilisation d'hormones est 
interdite au Canada pour l'elevage des volailles. 
12. Dangers associes a Futilisation des promoteurs de croissance 
Par l'administration des promoteurs de croissance, les producteurs visent ultimement une 
augmentation rapide de la masse corporelle des animaux. Consequemment, ces composes ont 
une grande importance economique pour les eleveurs, mais leur utilisation est sans aucun 
doute questionnable. A cet egard, certaines etudes ont clairement etabli que l'utilisation des 
promoteurs chez les animaux n'engendre pas uniquement des effets benefiques. 
II a ete demontre que l'utilisation d'ionophores est significativement associee a la presence de 
0157 chez le bovin laitier (Herriott et al., 1998). Des recherches ont revele que 
l'administration de doses sous-therapeutiques d'hormones dans l'alimentation des poulets 
produit un effet immunosupressant (Al Afaleq et Homeida, 1998). D'autre part, une etude a 
mis en evidence qu'une antibiotherapie peut provoquer l'alteration de la flore intestinale du 
bovin particulierement au niveau des souches d'E. coli (Hancock et al., 1998). 
Le lien entre l'utilisation d'antibiotiques en production animale et la resistance aux 
antibiotiques chez les bacteries isolees de la flore intestinale de ces animaux est de plus en 
plus rapporte. En effet, l'utilisation combinee d'oxytetracycline et de chlortetracycline est 
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associee a une augmentation significative de la resistance chez les souches de E. coli isolees 
des bovins (O'Connor et ah, 2002). Tout recemment, une etude a demontre que 
l'administration de ceftiofur chez le bovin de boucherie represente une pression de selection 
favorisant la presence transitoire de E. coli multi-resistants dans le tractus gastro-intestinal de 
ces animaux (Lowrance et ah, 2007). Des resultats similaires ont ete obtenus suite a une etude 
visant a evaluer l'impact de l'administration de florfenicol chez le bovin de boucherie (Berge 
et ah, 2005). L'utilisation de chlortetracycline chez le pore augmente la proportion de 
bacteries enteriques resistantes (Delsol et al., 2003). II a egalement ete demontre que 
l'utilisation d'oxytetracycline chez les truies gestante affecte la resistance a l'apramycine et a 
l'oxytetracycline des E. coli isoles chez leur progeniture (Mathew et ah, 2005). De plus, 
l'utilisation de la tylosine comme promoteur de croissance chez le poulet favorise la selection 
des Campylobacter resistants a l'erythromycine (Lin et ah, 2007). 
II est evident que l'utilisation des antibiotiques en agriculture contribue a exercer une pression 
de selection sur les bacteries et cette pratique n'est pas sans consequence sur la sante humaine. 
En Europe, suite a l'interdiction d'utiliser l'avoparcine, un glycopeptide utilise uniquement en 
production animale et un analogue de la vancomycine, une diminution des Enterocoques 
resistants a la vancomycine (ERV) chez l'humain et les animaux a ete observee. Puisque la 
vancomycine est le seul antibiotique efficace contre Enterococcus faecium et que ce pathogene 
opportuniste est la source de nombreuses infections nosocomiales, les ERV causent beaucoup 
d'ennuis dans les hopitaux et leur presence est loin d'etre souhaitable (Wegener et ah, 1999). 
Dans plusieurs pays europeens et aux USA, l'emergence recente de Salmonella enterica 
serotype typhimurium DTI04, un pathogene alimentaire multi-resistant, en est un exemple 
eloquent. Ces souches, resistantes a de nombreux antibiotiques destines a la therapie animale, 
sont epidemiques chez l'homme et les animaux d'elevage. S. typhimurium, un resident de la 
flore normale du betail, a ete selectionne suite a l'utilisation d'antibiotiques en production 
animale. En 1998, une epidemie de salmonellose a provoque le deces de deux personnes qui 
avaient ingere du pore fume contamine par S. typhimurium DTI 04 multi-resistante. Cette 
situation demontre l'importance de la resistance bacterienne provoquee par l'administration 
d'antibiotiques chez les animaux. De plus, une association entre la perte de susceptibilite de S. 
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typhimurium DTI04 face aux fluoroquinolones et Putilisation de ces antibiotiques en 
medecine veterinaire a ete prouvee a travers de nombreuses etudes (Slayers et Whitt, 2002; 
Tollefson et Miller, 2000). 
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OBJECTIFS et HYPOTHESE DU PROJET DE DOCTORAT 
CHAPITRE 1 : Effets des promoteurs de croissance sur les performances bovines et la 
microflora fecale (E. coli, Yersinia, Campylobacter et Enterococcus). 
Quotidiennement, l'industrie bovine se voit confronter a un defi de taille soit une production 
animaliere rentable tout en respectant les normes de salubrite alimentaire. Les producteurs 
doivent done produire une viande de bonne qualite, a prix raisonnable et ce sans negliger 
l'innocuite bacteriologique du produit offert aux consommateurs. Pour atteindre ce but, les 
producteurs bovins utilisent des promoteurs de croissance (ionophores, antibiotiques et 
hormones) afin d'augmenter rapidement la masse corporelle des animaux tout en generant un 
profit acceptable. Toutefois, cette methode de production pourrait avoir un impact negatif au 
niveau des performances bovines tout en modifiant la microflore intestinale des animaux et 
ainsi favoriser la colonisation par divers pathogenes. 
Mes objectifs etaient: 
• Etudier l'effet des promoteurs de croissance (Revalor-S, Rumensine et Liquamycine) sur les 
performances bovines (gain de poids, prise alimentaire, efficacite alimentaire, epaisseur du 
gras dorsal) ainsi que sur la qualite des carcasses (rendement, maigreur, classification, prix) 
et de la viande (persiflage). 
• Evaluer l'impact de l'utilisation des promoteurs de croissance sur revolution generate de la 
microflore des bouvillons eleves en pares d'engraissement par l'analyse des E. coli 
generique, de Yersinia, Campylobacter et des Enterococcus,. 
• Analyser l'impact de l'utilisation des promoteurs de croissance sur la resistance aux 
antibiotiques chez les souches commensales d'E. coli. 
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CHAPITRE 2 : Effets des promoteurs de croissance sur l'excretion fecale de E. coli 0157:H7 
incluant les souches resistantes aux antibiotiques et/ou hypermutables. 
Dans la production bovine, l'utilisation de promoteurs de croissance permet de controler les 
infections sous-cliniques et de stimuler la croissance ce qui a comme consequence d'engendrer 
un gain de poids rapide chez les animaux. Bien que les promoteurs de croissance soient 
benefiques d'un point de vue zootechnique (chapitre 1), l'aspect microbiologique est 
egalement a considerer. Par contre, peu d'etudes s'attarde a evaluer l'impact des promoteurs 
de croissance sur la microflore bovine et particulierement sur l'excretion fecale de 0157:H7. 
Les pratiques d'elevage utilisant les promoteurs de croissance pourraient faciliter la 
colonisation des bovins par 0157:H7 et/ou l'apparition de E. coli resistants aux antibiotiques. 
Les promoteurs de croissance exercent une pression de selection sur les bacteries; les 
obligeant ainsi a s'adapter a un environnement changeant. Par consequent, ces composes 
pourraient favoriser la colonisation des bovins de boucherie par des souches hypermutables 
et/ou resistantes aux antibiotiques, car celles-ci seraient mieux equipees genetiquement pour 
affronter des conditions environnementales variables. 
Mes objectifs etaient: 
• Investiguer 1'effet des promoteurs de croissance (Revalor-S [implant hormonal], Rumensine 
[ionophore] et Liquamycine [oxytetracyline]) sur la microflore intestinale des bovins de 
boucherie engraisses en pares et plus particulierement sur les souches d'E. coli 0157:H7. 
• Etudier la prevalence de l'excetion fecale, le phenotype d'hypermutabilite, la resistance aux 
antibiotiques et la presence de genes de virulence chez les souches d'E. coli 0157:H7 isolees 
de bovins de boucherie traites avec des promoteurs de croissance. 
• Identifier les methodes de production pouvant favoriser l'excetion fecale d'E. coli 0157:H7 
chez le bovin de boucherie eleve en pares d'engraissement. 
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CHAPITRE 3 : Evaluation du potentiel de virulence des souches 0157:H7 isolees chez le 
bovin de boucherie et celles isolees de cas humains. 
E. coli 0157:H7 est frequemment retrouve dans l'intestin des bovins de boucherie et les 
promoteurs de croissance utilises en production bovine favorisent l'excretion fecale du 
pathogene (chapitre 2). Lors de l'abattage, le contenu intestinal peut contaminer les carcasses 
si, par megarde, les intestins sont perfores. Ainsi, de la viande bovine contaminee par 
0157:H7 peut arriver dans votre assiette si une cuisson inadequate a ete realisee. 
Etonnamment, le taux d'infection chez l'homme n'est pas aussi eleve que Ton pourrait 
l'imaginer bien que les bovins soient le principal reservoir et que la dose infectieuse soit 
faible. II est done possible que la majorite des souches 0157:H7 d'origine bovine soient 
moins virulentes que les souches causant des epidemies chez les humains. 
Ainsi, notre hypothese est que les souches 0157:H7 d'origine bovine n'ont pas 
necessairement le meme potentiel de virulence (bagage de genes de virulence) que les souches 
0157:H7 retrouvees lors d'epidemies humaines. De plus, les souches 0157:H7 selectionnees 
par les promoteurs de croissance utilises en production bovine n'ont pas necessairement un 
potentiel de virulence comparable. 
Mes objectifs etaient: 
• Comparer le genome des souches 0157:H7 isolees chez le bovin (chapitre 2) et l'humain 
afin de definir leur potentiel de virulence grace a l'utilisation de la genomique comparative. 
• Identifier les similarites et differences genetiques entre les souches 0157:H7 d'origine 
bovine et humaine. 
• Identifier les genes pouvant contribuer a la virulence des souches 0157:H7 chez l'humain. 
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CHAPITRE 4 : Evaluation du pouvoir de virulence des souches 0157:H7 isolees chez le 
bovin et celles isolees chez l'humain. 
Bien que les souches 0157:H7 bovines et humaines possedent un bagage de genes de 
virulence similaire, les souches consituent deux lignees genetiquement distinctes (Chapitre 3). 
Par consequent, notre hypothese est que les souches 0157:H7 isolees de bovins pourraient 
posseder un pouvoir de virulence different des souches isolees de cas humains et parmi les 
souches bovines seulement certaines pourraient etre plus virulentes et en mesure d'infecter 
l'humain. De plus, une souche 0157 (non H7) bovine identifiee comme atypique (chapitres 2 
et 3) pourrait posseder un pouvoir de virulence bien different des souches 0157:H7 typiques. 
Mes objectifs etaient: 
• Comparer le pouvoir cytotoxique des souches 0157:H7 bovines et humaines. 
• Identifier les variants stx2 chez les souches 0157:H7 bovines et humaines. 
• Comparer l'expression du gene stx2 chez les souches 0157:H7 bovines et humaines. 
• Etudier le profil d'attachement aux enterocytes d'une souche 0157 atypique bovine. 
• Caracteriser le systeme de secretion de type III (SST3) d'une souche 0157 atypique bovine 
afin de mieux comprendre le mecanisme d'apparition des A/E lesions. 
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CHAPITRE 5 : Evaluation du potentiel de virulence chez des souches de E. coli resistantes 
isolees de poulets de gril sains nourris aux antibiotiques. 
Dans la production aviaire, les antibiotiques sont largement utilises pour prevenir 
(prophylaxie) et traiter les infections ainsi que comme promoteurs de croissance visant a 
augmenter rapidement le poids corporel des animaux. La preuve que Futilisation des 
antibiotiques en production animale selectionne des souches resistantes aux antibiotiques n'est 
malheureusement plus a faire. L'idee que ces memes antibiotiques puissent aussi selectionner 
des souches pathogenes a, depuis peu, ete soulevee. Recemment, des travaux ont demontre la 
presence des genes associes a la colisepticemie, une infection extra-intestinale hautement 
mortelle chez le poulet, chez des souches d'E. coli commensales isolees du tractus gastro-
intestinal de poulet sains ayant recu des antibiotiques comme promoteurs de croissance 
(Diarrassouba et ah, 2007). En ce sens, l'utilisation des antibiotiques en production aviaire 
pourrait exercer une pression favorisant la selection de souches d'E. coli commensales 
possedant des genes de virulence. Nous suggerons egalement que la formulation en 
antibiotiques composant 1'alimentation des poulets pourrait influencer la distribution des ces 
genes chez les souches d'E. coli commensales aviaires. 
Mes objectifs etaient: 
• Evaluer les relations genetiques entre divers isolats d'E. coli (souches commensales) 
resistants aux antibiotiques provenant de poulets de gril sains selon les differentes rations 
alimentaires. 
• Evaluer le potentiel de virulence chez des isolats d'E. coli non-0157 sorbitol negatif 
(souches commensales) retrouves dans l'intestin de poulets sains nourris aux antibiotiques. 
• Etudier l'impact de la composition en antibiotiques des rations alimentaires utilisees pour 
nourrir les poulets d'elevage sur la selection des genes de virulence chez les isolats d'E. coli 




Growth performance and shedding of some pathogenic bacteria in feedlot cattle treated 
with different growth promoting agents. 
1.1 Introduction de Particle : roles et contributions de l'auteur 
Cette etude, realisee en collaboration avec mes partenaires d'Agriculture et Agro-alimentaire 
Canada, visait a etudier l'impact des promoteurs de croissance sur les performances bovines et 
sur la dynamique generate de la microflore du bovin. Pour ce projet, les mesures des 
parametres zootechniques incluant les analyses statistiques et 1'interpretation des resultats ont 
ete realisees par mes collaborateurs qui possedaient l'expertise necessaire a ce sujet. lis ont 
egalement isole et precede a l'analyse des souches de E. coli. Les analyses bacteriologiques 
pour Yersinia, Campylobacter et les Enterococcus ont ete effectuees a l'Agence canadienne 
d'inspection des aliments de St-Hyacinthe. 
Ma contribution a cette recherche se situe au niveau de 1'evaluation de la susceptibilite aux 
antibiotiques pour les souches d'E. coli isolees ainsi qu'a la redaction de l'article et a sa 
correction. 
Reference de l'article : 
Lefebvre, B., F. Malouin, G. Roy, K. Giguere, and M. S. Diarra. (2006). Growth performance 
and shedding of some pathogenic bacteria in feedlot cattle treated with different growth-
promoting agents. Journal of Food Protection. 69, 1256-1264. 
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1.2 Resume en francais de Particle 
Quatre-vingt bovins avec une masse corporelle moyenne de 319 kg ont ete utilises, dans cette 
etude, pour evaluer l'effet de promoteurs de croissance soit un implant (acetate de trenbolone 
et benzoate d'oestradiol), un ionophore (monensine) et un antibiotique (oxytetracycline) sur les 
performances bovines et l'excretion fecale de certains pathogenes d'origine alimentaire. Dans 
une etude randomisee en bloc, les bouvillons, repartis en 16 pares d'engraissement de 5 
animaux chacun, ont recu un traitement sur une possibility de 8 traitements differents. Des 
echantillons fecaux ont ete preleves au niveau rectal avant Fadministration des traitements et 
pendant une periode de plus de 24 semaines afin d'etudier rinfluence des traitements sur la 
flore microbienne intestinale des animaux. Les resultats ont supporte l'effet benefique de 
l'implantation hormonale sur les performances des bouvillons (gain de poids quotidien et 
efficacite alimentaire), sur les caracteristiques des carcasses (poids des carcasses et rendement 
en viande) ainsi que sur la valeur economique des carcasses (P < 0.01). Les taux 
d'Escherichia coli dans les feces n'ont pas ete affectes par les traitements, mais sont demeures 
eleves tout au long de 1'etude. Tout au long de 1'etude, les isolats d'E. coli resistants aux 
antibiotiques ont ete retrouves de facon croissante, mais n'ont ete associes a aucun traitement 
specifique. De plus, nous avons observe, independamment des traitements, une reduction dans 
le temps de l'excretion fecale de Campylobacter et Yersinia pendant la periode 
d'engraissement, tandis que l'excretion fecale des Enterococcus a augmente. Les resultats de 
cette etude ont confirme l'effet benefique, au niveau economique, des promoteurs de 
croissance utilises dans une production bovine et ont demontre que les agents testes 
n'affectent pas specifiquement revolution generate de la microflore fecale des animaux. 
Cependant, l'etude a aussi demontre, independamment des promoteurs utilises, l'excretion 
fecale de Campylobacter, Yersinia et E. coli resistants aux antibiotiques dans l'environnement 
du troupeau de bovins. A l'abattage, ces bacteries peuvent aussi etre retrouvees sur les tissus 
du colon des bouvillons et etre une source de contamination des carcasses. 
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Eighty steers with a mean BW of 319 kg were used in a study to evaluate the effect of a 
growth promoting implant (trenbolone acetate + estradiol-17(3), monensin and oxytetracycline 
on the steer performance and shedding of some food-borne pathogens. The steers were allotted 
to one of 8 treatment combinations according to a randomized complete block design with 16 
pens of 5 animals. Rectal fecal samples were collected before treatment commenced, and over 
a period of more than 24 weeks to study the influence of treatments on the intestinal 
microbiology of the animals. Results supported the beneficial effect of the hormonal implant 
on the performance of feedlot steers and economic value of the carcasses (P < 0.01). The 
levels of generic E. coli in feces were not affected by treatments but remained high throughout 
the study period. Antibiotic resistant isolates of generic E. coli were more frequently found as 
the study progressed but were not associated with any specific treatment. Also independently 
of treatment, we demonstrated a reduction over time in the shedding of Campylobacter and 
Yersinia during the feeding period, whereas the shedding of Enterococcus was increased. The 
results of this study demonstrated the beneficial economic effect of growth promoting agents 
in beef production and showed that the agents tested did not specifically impact the overall 
microbial evolution of the animal gut. However, the study also demonstrated, independently of 
treatment, the shedding of Campylobacter and Yersinia as well as antibiotic resistant E. coli in 
the feedlot environment. These potential pathogens may thus be found in the colonic tissue at 
slaughter and may contaminate carcasses. 
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INTRODUCTION 
Despite substantial efforts, awareness and prevention, food-borne pathogens remain a major 
problem for beef producers causing important economic losses and market constraints. Beef 
production practices have evolved over the years and include the use of a variety of feed 
supplements, growth promoting agents and antibiotics. Rumensin (monensin) is a polyether 
ionophore produced by Streptomyces cinnamonensis that was approved in the 1970s as 
performance enhancer (27). Ionophores were shown to cause cattle to grow more efficiently 
by several mechanisms including inhibition of methane and lactic acid production and the 
reduction of acidosis (7, 18). Liquamycin is an injectable oxytetracycline used in feedlot 
animals to prevent several infectious diseases. Tetracyclines discovered in the late 1940s, were 
products of Streptomyces aureofaciens and S. rimosus, respectively (26). It is well established 
that tetracycline inhibits bacterial protein synthesis by preventing the association of 
aminoacyl-tRNA with the bacterial ribosome (9). Revalor-S is an implant composed of 
trenbolone acetate (120 mg) and estradiol benzoate (24 mg) that is used in feedlot cattle to 
improve growth rate, feed efficiency and leanness primarily through increased protein 
deposition (19). The effect of hormones on the microbial colonization has been mainly studied 
in humans and mice for the urogenital tract (10). In cattle, such studies for digestive tract 
would help to understand the origin and evolution of pathogenic bacteria that may impact beef 
production. In a complementary study, we have recently shown that the use of growth-
promoting agents and antibiotics in beef production may increase the risk of environmental 
contamination by Escherichia coli 0157:H7 (20). To our knowledge, no research has been 
systematically conducted to address the potential effects of hormones and antibiotics on the 
overall dynamics of the gut microflora of feedlot cattle. 
It is well known that changes in technologies, practices and environments have led to the re-
emergence of pathogenic bacteria, which were previously controlled. Studies have shown that 
healthy cattle can harbor in their intestinal tract human pathogenic bacteria, and that the 
bacterial contamination of meat, water and other food by these pathogens has been linked to 
fecal material (14, 15, 16). Campylobacter spp. are common gastro-intestinal microaerophilic 
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pathogens that are found in sheep, bovine and poultry and are the primary cause of food borne 
illness in North America (14, 33). While in most cases the bacterium is not fatal, one in 1,000 
contaminated people will develop the Guillian-Barre syndrome that is the most common cause 
of paralysis after poliomyelitis. The Gram-negative Yersinia spp. are ubiquitous in nature and 
can be found in cattle (4). Yersinia pseudotuberculosis and Y. enterocolitica are responsible 
for food-borne infections of humans and animals. These microorganisms can be transmitted by 
contaminated water and several kinds of food, including those stored under refrigerated 
temperatures. The circumstances leading to the occurrence of pathogenic bacteria arising from 
specific production practices in the beef industry is unknown. 
Many of the bacterial pathogens found in the bovine intestinal tract are present in low 
concentrations and their detection is difficult. Therefore, indicator bacteria are often used to 
detect the possible presence of fecal pathogens and to report the effect of hygienic treatment. 
Indicator bacteria are non-pathogenic bacteria naturally occurring in large numbers in human 
and animal intestinal tracts. The most frequent indicators used include Escherichia coli and 
Enterococcus, also called fecal Streptococci. Maintaining profitable operations while 
preserving the air and water quality and protecting the human and animal health by producing 
safe food is an important challenge for beef producers. For public health protection, it is 
important to know of the changes in the intestinal flora of beef cattle treated with various 
growth promoters. The objectives of this study were to determine the effects of Rumensin, 
Liquamycin and Revalor-S on growth performance, carcass quality and the prevalence of 
zoonotic enteropathogenic bacteria in feedlot cattle. We also investigated the possible 
associations between intestinal colonization with E. coli, Enterococcus, Campylobacter and 
Yersinia spp. and treatment during the rearing period and at slaughter. 
MATERIALS AND METHODS 
Cattle. Eighty commercial crossbred steers obtained from auction, 9 months of age and 
weighing an average of 319 kg were assigned to one of 16 pens (5 steers/pen) under controlled 
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feedlot conditions. Growth promoters used in this project were the ionophore monensin 
(Rumensin®, Elanco Animal Health, Guelph, ON, Canada) and the implant Revalor®-S 
(Intervet Canada LTD., Whitby, ON, Canada). The oxytetracycline antibiotic Liquamycin® 
LA-200® was from Pfizer Animal Health (Kirkland, QC, Canada). Two pens were allocated 
to one of eight treatments in a randomized complete block design. The eight treatment 
combinations imposed after adaptation consisted of 2 x 2 x 2 factorial application of control 
(no treatment), Rumensin in feed (Ru: 11 mg/kg dry matter basis for the first week and 33 
mg/kg thereafter); an injection of oxytetracycline at d 0 (Li: Liquamycin-LA200 at 5 ml/head); 
the implant Revalor-S (Re: 120 mg trenbolone acetate and 24 mg estradiol) at d 0 and again at 
d 119; combinations of Revalor x Rumensin (ReRu); Liquamycin x Rumensin (LiRu); 
Liquamycin x Revalor (LiRe) and Liquamycin x Revalor x Rumensin (LiReRu). Details of the 
treatments and experimental conditions were described previously (20). All experimental 
procedures performed in this study were approved by the Animal Care Committee of the 
Centre de Recherche en Sciences Animales de Deschambault (CRSAD) Deschambault, 
Quebec, Canada. 
Feeds and management. The diets fed to the steers after the adaptation period were 
formulated according to NRC (23) recommendations using the following basic ingredients 
(percentages are dry matter basis): grass silage (7.2%), ground barley (12.2%), soybean meal 
(1.5%), corn silage (23.3%), high moisture cob corn (47%), ground corn (4.8%), urea, 
limestone and commercial mineral and vitamin mixtures. This latter ingredient was also used 
as the carrier of the Rumensin which was given at the concentration of 33 mg/kg of dry matter. 
The determination of dry matter, crude protein, soluble carbohydrates, volatile fatty acids and 
some of the most common minerals were performed at CRSAD using standard laboratory 
analysis methods. As the steers progressed through the fattening process the energy density of 
the diet increased, and the ADF and NDF decreased from 20.5 and 35.2 to 12.2 and 24.2 
percent, respectively. Similarly, the crude protein decreased gradually from 13.3 to 9.1 
percent. Water was provided ad libitum as described by Lefebvre et al. (20). 
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Data collection. Steers were weighed at the start of the trial and every 28 days to assess 
weight gain. Feed intake data were summarized weekly from each pen to determine dry 
matter intake and feed efficiency (kg gain per kg feed). Back fat thickness were obtained 
between the 12l and the 13( coast using Krautkramer USK6 (GE Inspection Technologies, 
Huerth, Germany) by ultrasonic measurement. Final live weights were obtained approximately 
24 h before leaving the feedlot for slaughter after d 186. All steers were transported for 
slaughter to a commercial abattoir (Abattoirs Z. Billette Inc., St-Louis-de-Gonzague, QC) at a 
distance of 230 km. The carcass data recorded were: hot weight, lean yield, classification and 
marbling. Carcass value was determined using an average rail price of $3.64 per kg for a 
Canada A grade carcass not exceeding 340 kg. Grade discounts were applied to carcasses that 
were of the Canada B grades and also appropriate weight discounts were applied to carcasses 
exceeding 340 kg. The gross net return/steer calculations used the following values: purchase 
price of $255.72 /100 kg, feed cost of $145/Tone Metric, interest rate of 7%, rearing and 
facility usage costs of $0.11/day. 
Fecal sample collection. The study was carried out from November 2002 to June 2003. For 
bacteriological analysis, fecal samples were collected from the rectum of each steer by hand in 
the morning on days -3, 4, 25, 46, 67, 88, 109, 137 and 165. Sterile gloves which were 
discarded between animals were used to avoid cross-contamination. The samples (5 to 6 g) 
were immediately transferred into sterile tubes containing 14 ml of the Cary-Blair medium 
(Quelab, Montreal, QC, Canada). The tubes were then placed on ice and transported to the 
microbiology laboratory. 
Colonic tissues collection. At slaughter after evisceration, a sample of colonic tissue of each 
steer was collected by removing a portion of the distal colon approximately 14 cm above the 
rectum using a sanitized knife. Between animals, gloves were discarded and the knife was 
disinfected for 1 min by washing with soap and water at 100°C and then spraying it with 70% 
ethanol. The tissues were placed in sterile Whirl-Pak bags and kept on ice before laboratory 
analysis was performed in the interval of 24 h. 
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Bacteriological analysis. The counts of the total generic E. coli were obtained from each of 
the ten sampling times (nine fecal materials and one colonic tissue) from each animal by 
plating 3M petrifilms (St. Paul, MN, USA) with 1 ml of 10-fold serial diluted fecal material in 
saline, subsequent to the homogenization of the sample (5). After an incubation of 24 h at 
37°C; blue gas producing colonies were counted as E. coli. Results were expressed as numbers 
per gram of fecal material. For the overall study period, a total of 717 fecal and 79 entire 
colonic samples (tissue and content) were cultivated for total generic E. coli. 
The presence of Yersinia, Campylobacter and Enterococcus also was monitored on the 239 
fecal samples collected at days -3 (80), 46 (80), 109 (79) and > 186 (79 colonic tissues 
collected at slaughter). Microbiological analyses were performed at the Canadian Food 
Inspection Agency's Laboratory (St-Hyacinthe, QC, Canada). Briefly, these samples (fecal 
and colonic) were weighed, suspended in a sterile solution of Bacto-peptone (Difco 
Laboratories, Detroit, USA) and vigorously vortexed for 1 minute. From the homogenate, 
appropriate 10-fold serial dilutions were spread-plated onto different selective media for a 
total plate count. For Campylobacter, sample (fecal or intestine tissues) homogenates were 
plated onto Columbia agar base CM0331 (Oxoid, Nepean, ON, Canada) with 10 % bovine 
blood and Campylobacter selective supplement SR0098 (Vancomycin, Polymixin B, 
Trimethoprim, Amphotericin B and Cephalothin, Oxoid). Plates were incubated at 42°C using 
the CampyPak Plus microaerophilic system (BBL, Cockeysville, MD, USA) for 48 h and 
typical colonies of Gram negative, oxidase positive, motile organisms with spiral morphology 
were counted (25). For Yersinia, 10-fold serial dilutions of the sample in PBS were spread on 
Yersinia selective agar base (CIN Agar, CM 653, Oxoid) containing the selective supplement 
SR0109 (Cefsulodin-Irgasan-Nobiocin, Oxoid) and incubated at 25°C for 48 h (3). Colonies 
having a red bull's-eye surrounded by a transparent zone were confirmed by API20E 
(BioMerieux, St-Laurent, QC, Canada) and counted. Ten-fold dilutions of the specimens were 
also spread on KF Streptococcal agar CM0701 (Oxoid) and plates were incubated at 30°C for 
48 h for the enumeration of Enterococcus. 
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Antibiotic susceptibility testing. At d -3, d 25 and d 137, one blue colony with gas from each 
sample were purified on blood agar to obtain a total of 239 generic E. coli (80, 80 and 79 
isolates at d -3, 25 and 137 respectively). Antibiotic minimal inhibitory concentrations (MICs) 
were determined by an agar dilution method following CLSI (NCCLS) recommendations (22), 
using an inoculum of approximately 4 x 104 CFU/spot and E. coli ATCC 25922 as the control 
strain. Inoculated Mueller Hinton agar (MHA) plates were incubated at 37°C for 18-20 h. 
Susceptibility profiles were established for 4 antibiotics having the following susceptibility 
breakpoints: streptomycin (STR), > 64 ug/ml); oxytetracycline (OXY), > 16 ug/ml; ampicillin 
(AMP), > 32 ug/ml (all from Sigma-Aldrich Canada Ltd., Oakville, ON, Canada) and 
enrofloxacin (ENR), > 2 ug/ml (Bayer, UK). 
Statistical Analysis. The 8 treatment combinations ( 2 x 2 x 2 factorial arrangement) were 
randomly assigned to 8 pens within each of the two blocks. Data were analyzed using the 
MIXED procedure of SAS with a repeated statement. Data were analyzed according to a 
randomized complete block design using the mixed procedure of SAS (30) with the two 
blocks of 8 treatments combination. The repeated statement was used for variables measured 
several times during the course of the experiment (16). The pen was considered the 
experimental unit for production characteristics (live weight, dry matter intake and feed 
efficiency) and carcass characteristics (weight at slaughter, lean yield, percentage of Al class 
and AAA marbling score). Hot carcass weight was used as covariate for the analysis of carcass 
value. Prevalence of target bacteria was analyzed using repeat measurement procedure after 
square root transformation on pen response of every treatment. Bacterial counts were log-
transformed and were studied by the Threshold Model using the Tobit analysis (2). 
RESULTS 
Steer performance. At d 99, one animal in the Revalor treatment group was culled because of 
unknown illness and the remaining animals were slaughtered without modifying the project. 
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The cumulative effects of treatments on average daily gain (ADG) and dry matter intakes are 
presented in Table 1. 
TABLE 1. Least square means of the cumulative effects of Rumensin, Revalor-S and 
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aRu = Rumensin (11 and 33 mg/kg dry matter basis on d 0 and 8 respectively); Re = Revalor-S 
(implanted on d 0 and 119), Li = Liquamycin LA 200 (injected on d 0). 
Standard error of the mean n = 2 pens/treatment (5 animals/pen). 
cDry matter intake, kg/d. 
Feed efficiency, gain/feed. 
eBack fat thickness (mm), obtained by ultrasonic measurement on live animal. 
Values of the same row with different letters are statistically different (P < 0.05). 
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No differences among the treatment groups were noted for initial body weight and ADG 
during the adaptation period. Revalor-S significantly (P < 0.01) improved the cumulative 
ADG during d 0 - 112 and d 0 - 186 by 18.6% and 28.0%, respectively (Table 1). No 
significant effects were observed for Rumensin and Liquamycin (P > 0.05). The second 
implantation of Revalor-S led to an important increase in feed intake but it did not yield a 
statistically significant effect for the overall period of d 0 - 186 (P > 0.1). A slight reduction in 
intake was observed due to Rumensin but it was not statistically significant (P > 0.10). No 
effect could be attributed to the injection of Liquamycin. The Revalor-S implantation 
improved the cumulative feed efficiency by 20.0% and 21.4% for the periods d 0 - 112 and d 
0 - 186, respectively (Table 1). No significant effects were observed with the other treatments 
(P > 0.1). The fat thickness measured by ultrasound at two different times, namely before the 
second implant and before slaughter revealed that Revalor-S was effectively having an 
anabolic effect on the steers (Table 1). Fat thickness was less for the ones that were implanted 
but this was not statistically significant (P > 0.05) for the measurement just prior to slaughter. 
Fat deposition was not affected by Rumensin and Liquamycin. 
Carcass Characteristics. The carcass characteristics of the steers are presented in Table 2. 
Significant increases were observed for hot carcass weight with Revalor-S (P < 0.01) when 
compared to the non implanted groups (348.7 vs 321.2 kg with SEM of 3.87). No differences 
were observed for Rumensin and Liquamycin. A significant difference (P < 0.01) for percent 
lean yield was noted for the Revalor-S (mean of the 4 treatment combinations involving Re) 
groups (61.6 vs. 60.3%; with SEM of 0.31). Liquamycin alone also induced a significant 
increase of this variable (P < 0.05) whereas its combination with Revalor led to a decrease of 
lean yield (P < 0.05). Rumensin had no significant effect on lean yield (P > 0.05). The test of 
Cochran-Mantel-Haenszel (test of association) revealed no differences among the treatment 
groups for percent Al carcasses (P > 0.1). The logistic analysis also confirmed this lack of a 
significant difference. 
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TABLE 2. Least square means of the effect of Rumensin, Revalor-S and Liquamycin alone or 
in combination on carcass characteristics. 
Treatments 
Characters 
Hot weight (kg) 
Lean yield (%) 
Classification (% Al) 














































Care, value ($3.64/kg) 1173b 1194b 1217ab 1203b 1253a 1182b 1208b 1218ab 12.5 
Gross net return ($) -54c 5abc 64a -30ab 69a -19ab 12abc 76a 23.2 
aStandard error of the mean n = 2 pens/treatment (5 animals/pen). 
Values of the same row with different letters are statistically different (P < 0.05). 
$ is in Canadian dollars. 
Even if the test of association had not detected a difference among treatments for marbling (P 
= 0.1), the logistic analysis showed that the carcasses from steers on Liquamycin (P = 0.05) 
and LiquamycinxRevalor (P < 0.05) had 13 and 12 times more chances of being classified AA 
respectively (Table 3). The carcass values followed the same pattern as hot carcass weight. 
Revalor-S had a significant increase on the value of the carcasses even if several carcasses 
were discounted for being too heavy. When the return of the steers after taking off the 
purchase price, the feed cost and the time in the feedlot (interest on the purchase cost and 
feedlot use) are considered, Revalor and Rumensin (at a lower level) both have a positive 
significant effect on gross return. The gross net return per steer is quite important, the effect 
for Revalor (mean of the 4 treatment combinations involving Re) was > $ 55.2 ± 14.2 while 
main effect for Rumensin (mean of the 4 treatment combinations involving Ru) was $ 32.7 ± 
11.6. 
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TABLE 3. Odds ratio of treatments and of the control group for the marbling grade (AA). 
























aObtained from the logistic regression analysis (Exact parameter estimations method). 
Odd ration of the control is 1. 
Bacteriological analysis. Fecal and colonic tissue samples from individual animals were 
collected as described in the materials and methods section and analyzed in order to determine 
the prevalence and concentration of Campylobacter, Yersinia and Enterococcus (Tables 4 and 
5). On d -3, the majority (78.7%) of the steers were colonized by Campylobacter. The 
shedding of this bacterium over all treatments decreased as a function of time (P < 0.001) and 
at d 109, fecal cultures of only 2.5% of steers were positive for Campylobacter. No significant 
differences were observed between the treatments on samples obtained from live animals. At 
slaughter, except of the Revalor-Rumensin and Revalor-Liquamycin treatment groups, all the 
others groups of steers were found to be colonized by Campylobacter (Table 4). No significant 
difference was observed between Revalor implanted and non-implanted groups. Early during 
the feeding period, the prevalence of Yersinia was high but this prevalence decreased over 
time (P < 0.01). Yersinia were found in 24 (30%) and 12 (15%) steers at day -3 and at 
slaughter, respectively. No differences were found among treatments. Due to low prevalence 
of Yersinia spp. no quantification was made for this genus. 
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TABLE 4. Number of positive steers to Campylobacter, Yersinia and Enterococcus in 80 






























































































































an = 10 steers/treatment 
At day 109, one steer was removed because of health problems from a pen receiving the 
Revalor-S treatment. From that time, the number of animals for the treatment Re was 9 instead 
of 10. 
cBacteriological analysis was performed on colonic tissues and contains. 
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TABLE 5. Bacterial numbers (Logio) of Campylobacter, Enterococcus and total E. coli in 
positive steers as a function of the treatments and the period of sampling. 
Day 
d - 3 
Bacteria Bacterial numbers (Logio) 




5.12 5.28 5.39 5.36 5.92 
5.29 4.12 5.93 5.77 6.06 
5.28 5.63 5.29 5.35 5.13 
5.60 5.54 4.99 
4.06 5.99 6.42 
5.84 5.07 5.37 
d 46 Campylobacter 
Enterococcus 
E. coli 
5.28 5.32 0.00 0.00 5.64 8.49 4.89 5.92 
6.51 6.43 5.32 6.60 5.53 6.17 5.25 7.72 
5.29 5.86 5.44 5.60 5.39 6.17 4.72' 5.59 
d 109 Campylobacter 
Enterococcus 
E. coli 
0.00 1.28 0.00 0.00 0.00 0.00 0.00 0.00 
6.32 6.34 6.59 6.47 6.41 6.66 6.63 7.03 
5.83 5.81 5.64 5.69 5.72 6.12 5.77 5.81 
d > 186a Campylobacter 
Slaughter Enterococcus 
E. coli 
5.18 4.29 4.97 4.13 0.00 4.00 0.00 3.85 
5.76 6.01 6.23 6.23 5.99 6.31 5.82 5.22 
7.93 8.09 7.73 8.14 8.29 8.19 8.18 8.39 
bacteriological analysis was performed on colonic tissues and contents. 
Enterococcus was present at each sampling time at a high frequency. At the end of the feeding 
period this bacteria was present in almost all the steers (Table 4) and its prevalence was higher 
than that observed at the beginning of the protocol (P < 0.01). Enterococcus was shed by 
about half (65%) of the animals on d -3 and d 46 (50%) and by more than 94% of them at d 
109. Such a high prevalence (95%) was also found in the colon at slaughter (Table 4). No 
difference in the Enterococcus carriage and shedding was clearly noted among the treatments. 
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The number of Enterococcus in positive animals remained stable and no difference was 
observed among the treatments throughout the experimental period (Table 5). 
In general, the levels of generic E. coli recovered from 717 fecal materials remained relatively 
stable over time and were not affected (P > 0.05) by the Revalor or Liquamycin treatments 
(Table 5). Taking account of the main factor (mean of the 4 treatment), Rumensin also does 
not affect E. coli numbers. Interestingly, the mean numbers of E. coli from 79 colonic tissues 
were approximately two-log higher than those found in the fecal materials but there was no 
statistically significant difference among the treatment groups (Table 5). 
Antibiotic susceptibility. The use of the growth promoters Rumensin or Revalor and the 
injectable oxytetracycline for prophylaxis in feedlot could not be clearly associated to the 
presence of antibiotic resistant generic E. coli since such strains were found in all treated 
groups and also before treatment (Table 6). All the tested E. coli strains were susceptible to 
enrofloxacin, which is an antibiotic approved for use in cattle. Overall, 14 of the 239 isolate 
(5.9%) were resistant to at least one of the 3 other antibiotics (streptomycin, oxytetracycline 
and ampicillin) tested (Table 6). At d -3 before application of the treatments, one isolate (1/80) 
was resistant to oxytetracycline. From d 0 to 137 a total of 13/159 (8.2%) resistant strains were 
found and all of them were at least resistant to oxytetracycline. Most resistant isolates (8 of 
13) were found at d 137. Also, there were 6 isolates that were simultaneously resistant to 
streptomycin and oxytetracycline and one isolate was resistant to ampicillin and 
oxytetracycline (Table 6). 
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TABLE 6. Antibiotic MICs for 14 oxytetracycline resistant generic E. coli strains isolated 
from feedlot steers. 
Sampling Treatment Pen Steer MIC (ug/ml) 
STR OXY AMP ENR 

































































































STR, streptomycin; OXY, oxytetracycline; AMP, ampicillin; ENR, enrofloxacin. 
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DISCUSSION 
Growth promoting agents are used across the world in the beef feeding industry. Because of 
the large economic benefit of these practices on profitability, many implantation programs 
incorporate double administration of Revalor-S to maximize performance (27). These authors 
reported a beneficial effect on ADG when steers were re-implanted later at 14 months of age 
and their investigation showed that Revalor led to an increase in the area and size of muscle 
fibers. Thus, it seems that several implants of Revalor-S enhance muscle growth in feedlot 
cattle and increase circulating insulin-like growth factor-I and concentrations of longissimus 
muscle insulin-like growth factor-I messenger RNA in cattle (12). Due to the action of steroids 
in delaying fat deposition, the percentage of carcasses grading lower and with less marbling 
were from cattle initially implanted and re-implanted with Revalor-S and those which had 
been injected with Liquamycin. On the other hand, hot carcass weights were greater for the 
implanted than the non-implanted cattle. Our results on performance and on carcass 
characteristics are in agreement with previous studies (27, 29). 
In the present study, observed differences were not large enough to report a significant effect 
of Rumensin on performance (ADG and feed efficiency). The results on feed intake and some 
carcass characteristics are in accordance with other authors (13). Marbling grade and lean 
yield were similar for Rumensin-treated and untreated groups. In addition, except for one steer 
treated with Revalor-S alone, no indications of illness were observed in any of the groups; no 
steers were treated for bloat. Because low doses of hormones (estradiol and testosterone) in 
feed lead to an immunosuppressing activity in chicken (1), we assayed the immunoglobulin A 
level on individual blood samples (10 ml) at day 168 (49 days after the second implant of 
Revalor-S) and found no difference among the treatments (data not shown). The result could 
be different if the antibodies profile has been determined in a longitudinal evaluation or at a 
period closer to the implantation of Revalor-S. Fecal consistency also was scored at every 
fecal sampling time and was subjectively scored for diarrhea accordingly. No significant 
effect of Rumensin, Revalor-S, or Liquamycin was noted on the consistency of fecal matter 
(data not shown). 
83 
Although performance benefits have been well documented, little is known of the effect of 
growth promoting programs on the bovine gut microflora. The microbial ecosystem of bovine 
is undoubtedly influenced by management practices including feeding and implantation. For 
example, Rumensin (hydrophobic molecules) does not penetrate the cell in most gram-
negative bacteria, because of its high molecular weight (~ 600 MW), making these bacteria 
less susceptible to this ionophore (6). There is a growing interest in commensal components of 
the gut microflora associated with food-producing animals that may also have an impact on 
consumer behaviors. The indicator bacteria Escherichia coli and Enterococcus are mostly non-
pathogenic and naturally occur in large numbers in human and animal intestinal tracts. They 
are used to detect the possible presence of fecal pathogens and to evaluate the hygienic status. 
Even if E. coli is a normal member of the bacterial population of the bovine gastrointestinal 
tract, some strains of this bacterium (for example, 0157:H7) produce toxins and are 
pathogenic to humans. 
Levels of E. coli associated with carcasses can increase or decrease during processing 
depending on several factors including the level of colonization of the live animal. It is 
virtually impossible to prevent all fecal contamination of meat at slaughter. Furthermore, the 
use of bovine manure as fertilizing agents of soils could be a source of the contamination of 
fresh vegetables with pathogenic microbes such as E. coli 0157 which was recovered in 
manure-fertilized soil for more than 100 days (77). It is generally accepted that the gut 
microflora has an impact on cattle growth and health and that the microflora, including E. coli 
numbers, can be manipulated by altering the diet (7, 11). For example, the abrupt switching 
from a high grain (corn) diet to a forage diet decrease acid resistance of generic E. coli and led 
to 1000-fold decrease populations within 5 days (7). In the present study, we found that the 
numbers of generic E. coli recovered in fecal materials were not significantly increased by the 
injection of Liquamycin, by the implantation of Revalor or by feeding with Rumensin. In 
colonic tissues at slaughter the high levels of E. coli confirm a potential source of carcass 
contaminations by this bacterium but there was no difference among treatment groups. 
Enterococcus also comprises a large proportion of the autochthonous microflora associated 
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with the gastrointestinal tract. These organisms are particularly able to adapt to environmental 
stresses including antimicrobial agents. Thus, it is not surprising that antimicrobial-resistant 
variants of Enterococcus have been recovered from bovine products (75). None of our 
treatment has been shown to promote the colonization of steers by this bacterium. Although 
antibiotic resistance was not analyzed in Enterococcus isolates, the high incidence and 
numbers of such bacteria could favor the spread of antibiotic resistant bacteria. 
In cattle, the capacity of bacteria to act as food-borne pathogen depends on their capacity to 
survive and colonize the intestinal tract and their eventual shedding in the environment. We 
observed a significant decrease in Campylobacter shedding as a function of time and/or steer 
age. Our results are in accordance with those reported by Nielsen (24) who found, using a 
quantitative culture method, that 23% of cattle and 83% of farms were positive for 
Campylobacter jejuni. This author also reported that the prevalence and the fecal 
concentration of this bacterium were higher in young animals than in older ones. We found a 
lower prevalence of Campylobacter at slaughter (15%) than that reported by Stanley et al. (32) 
who found 89.4% of intestinal carrier in beef cattle at slaughter with a maximal bacterial logio 
number of 7.4. Nevertheless, our study and those mentioned above suggest that 
Campylobacter in feedlot cattle could represent a risk of meat contamination with visceral 
contents during the slaughter process. The importance of the colonization of beef cattle with 
Campylobacter is relevant not only to the contamination of carcasses at slaughter, but it also is 
a risk factor for the contamination of fresh produce and water. Mackay (21) reported the 
isolation of Campylobacter jejuni during the morbid outbreak of E. coli 0157:H7 caused by 
the contamination of ground water in Walkerton (Ontario, Canada). In addition to the overall 
variation of the gut microflora reported in the present study, we also have studied the specific 
prevalence of E. coli 0157:H7 and the molecular characterization of such isolates in a separate 
report (20). Interestingly in this complementary study, we reported that the prevalence of 
specific isolates, such as E. coli 0157:H7 found among the gut microflora, may be increased 
in animals treated with growth promoting agents (20). Thus our studies indicate that 
populations of specific strains may indeed vary in animals treated with growth promoting 
agents depending on the ability of each isolate to adapt to changes in their environment but 
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that the overall evolution and balance of bacterial species in the gut is much more resilient to 
punctual changes (antibiotics or implant administration) although may vary over time due to 
other factors (feed composition, age). 
Livestock can be reservoirs for Yersinia spp., and beef products can be contaminated with this 
bacterium. The majority of the species of this bacterial genus have not been studied 
extensively, and because of the absence of classical virulence factors, they are generally 
considered to be environmental and non-pathogenic species. Three species of Yersinia (Y. 
enterocolitica, Y. pseudotuberculosis and Y. pestis) have long been known to cause human 
diseases. At slaughter, we observed that 15% of all samples tested were positive for Yersinia. 
Among these, the majority was Y. pseudotuberculosis. This finding confirms that pathogenic 
Yersinia may be found in feedlot cattle as reported by others (4). 
As outlined above, the antibiotics and growth promoters are used to control sub-clinical 
diseases and to improve growth performance in cattle. It is possible that such cattle 
management practices may translate into advantageous selective pressures for antibiotic 
resistant bacterial strains among commensal bacteria including generic E. coli. Little is known 
about the effect of antimicrobial use on the evolution of the bovine gut microflora. In our 
study, the use of Rumensin, Revalor or oxytetracycline could not be clearly associated to the 
selection of antibiotic resistant generic E. coli since resistant isolates were found in all treated 
groups and also before treatment. The steers of this study were from different sources and their 
history of exposure to antibiotics prior to their arrival in our feedlot facilities is not available. 
Interestingly, resistant isolates of generic E. coli were more frequently found as the study 
progressed. This observation differed from that found for oxytetracycline-resistant E. coli 
0157:H7 which were uniquely isolated early in the study possibly consequent to Liquamycin 
administration (20). 
Several studies investigated the impact of antibiotic use in animal production but the role of 
growth promoting hormone implanted to cattle in feedlot on the dissemination of pathogenic 
bacteria has been ignored. The elimination of some growth promoting agents is difficult to 
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justify on a financial basis as demonstrated in this study. However, for public health and food 
safety reasons, extensive research is needed to evaluate the effects of growth promoting agents 
on the gut microflora of farm animals and on the shedding of important food-borne pathogens 
in the environment. The digestive tract of farm animals allows the maintenance and growth of 
some virulent bacterial strains, which can later find their way into animal products and other 
foods as well as manure, soil and water. The identification of risk factors associated with the 
use of growth promoting agents that may enhance the persistence and spread of pathogenic 
bacteria will allow the modification of this practice to improve the on-farm food safety. 
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Antibiotic resistance and hypermutability of Escherichia coli 0157 from feedlot cattle 
treated with growth-promoting agents. 
2.1 Introduction de l'article : roles et contributions de l'auteur 
Pour cette etude, la premiere a analyser de facon longitudinale l'effet des promoteurs 
croissance sur la microflore bovine et ce en reproduisant les conditions normales d'elevage du 
Quebec, j 'a i travaille en collaboration avec le Dr Moussa Sory Diarra, le Dr Gabriel Roy et 
Mme Karine Giguere, d'Agriculture et Agro-alimentaire Canada. Mes collaborateurs etaient 
en charge du travail en lien avec la phase animale ainsi que de l'isolement des souches 0157. 
Pour ma part, j 'ai effectue toutes les analyses de laboratoire ainsi que la mise au point des 
techniques incluant la confirmation du serogroupe 0157 par le test d'agglutination au latex, la 
detection des genes de virulence par PCR, les tests de susceptibilite aux antibiotiques (CMI en 
agar), les tests de frequence de resistance a la rifampicine afin d'identifier les souches 
hypermutables. J'ai egalement realise les experiences d'electrophorese en champs pulses 
(PFGE) ainsi que l'analyse des patrons PFGE a 1'aide du logiciel BioNumerics grace a un 
sejour dans le laboratoire du Dre Sophie Michaud, infectiologie au Centre Hospitalier 
Universitaire de Sherbrooke. 
En ce qui concerne l'ecriture de l'article en lien avec cette etude, j 'a i realise la premiere 
ebauche incluant la conception des figures et des tableaux et j 'a i activement participe a la 
correction du manuscrit jusqu'a sa publication. 
Reference de l'article : 
Lefebvre, B., M. S. Diarra, K. Giguere, G. Roy, S. Michaud, and F. Malouin. (2005). 
Antibiotic resistance and hypermutability of Escherichia coli 0157 from feedlot cattle treated 
with growth-promoting agents. Journal of Food Protection. 68, 2411-2419. 
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2.2 Resume en francais de l'article 
Au cours d'une etude longitudinale (165 jours), nous avons investigue l'effet de deux 
promoteurs de croissance (monensine et acetate de trenbolone-oestradiol) et d'un antibiotique 
(oxytetracycline) sur l'incidence d'Escherichia coli 0157, incluant les isolats resistants aux 
antibiotiques et les hypermutants, dans un troupeau de bouvillons. Quatre-vingt bouvillons 
repartis dans 16 pares d'engraissement ont re9u huit traitements differents (differentes 
combinaisons de promoteurs de croissance) et chaque traitement a ete duplique. Des 
echantillons fecaux on ete preleves a neuf differents temps afin de proceder a la detection d'E. 
coli 0157. Globalement, 50 isolats d'E. coli 0157 ont ete detectes parmi les animaux traites 
et aucun isolat d'E. coli 0157 n'a ete retrouve chez les animaux n'ayant pas recu de 
traitement. Comparativement aux controles non traites, il y a une association significative 
entre l'utilisation d'agents de promotion de croissance ou d'antibiotiques et l'excretion fecale 
d'E. coli 0157 au jour 137 (P = 0.03) ou un pic de prevalence a ete observe et 50% des isolats 
detectes. Les essais de PCR multiplex ont ete realises pour certains genes de virulence. Les 
resultats de PCR ont indique que tous les isolats sauf un possedent le gene stx2 codant pour la 
Shiga toxine 2. Les concentrations minimales inhibitrices (CMIs) pour 12 antibiotiques ont 
ete determinees et huit souches 0157 resistantes a 1'oxytetracycline ont ete identifiees. Ces 
souches resistantes aux antibiotiques sont considerees, par le typage par electrophorese en 
champs pulses, comme une sous-population distincte d'E. coli 0157. Parmi ces souches 
resistantes, sept ont ete isolees au debut de l'etude (au jour 25 ou avant) et deux sont aussi 
hypermutables, un phenotype identifie par le test de frequence de mutation a la rifampicine. 
La proportion des souches hypermutables parmi les isolats d'E. coli 0157 est demeuree 
relativement constante tout au long de l'etude. Ces resultats indiquent que l'utilisation de 
promoteurs de croissance et d'antibiotiques dans la production bovine peut accroitre le risque 
de contamination environnementale par E. coli 0157. 
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ABSTRACT 
In a longitudinal study (165 days), we have investigated the effect of growth-promoting agents 
(monensin, trenbolone acetate-estradiol) and an antibiotic (oxytetracycline) provided to feedlot 
steers on the incidence of E. coli 0157 including antibiotic-resistant and hypermutable 
isolates. Eighty steers, allotted to 16 pens, were treated with eight combinations of promoters 
and each treatment was duplicated. Fecal samples were collected at nine different sampling 
times for detection of 0157. Overall, 50 0157 isolates were detected in treated animals and 
none was found in untreated animals. Compared to untreated controls, there was a statistically 
significant association between the utilization of growth-promoting agents or antibiotics and 
the shedding of 0157 at day 137 (P = 0.03) when a peak of prevalence was observed and 50% 
of the isolates were detected. Multiplex PCR were done for some virulence genes. PCR 
results showed that all isolates except one possessed at least the Shiga toxin gene stx2. MICs 
for 12 antibiotics were measured and allowed identification of eight oxytetracycline-resistant 
0157 strains. Antibiotic-resistant strains were considered a distinct sub-population of 0157 
by PFGE typing. Seven of these antibiotic-resistant strains were isolated early in the study (on 
or prior to day 25) and among them two were also hypermutable. We used rifampicin 
mutation frequencies for the identification of hypermutator strains. The proportion of 
hypermutable strains among 0157 isolates remained relatively constant throughout the study 
period. This study showed that the use of growth-promoting agents and antibiotics in beef 
production may increase the risk of environmental contamination by 0157. 
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INTRODUCTION 
Enterohemorrhagic (EHEC) E. coli 0157:H7 is an important food-borne pathogen that caused 
several outbreaks worldwide characterized by hemorrhagic colitis (9, 26, 44, 54). In some 
case, 0157:H7 infection can evolved in a hemolytic uremic syndrome (HUS), accompanied by 
serious complications (9, 37). Cattle are asymptomatic carriers of E. coli 0157:H7 and 
constitute a major contamination source of the food chain and the environment (3, 13, 45). At 
slaughterhouses, carcasses can be contaminated with feces from intestine or hide (19) and E. 
coli 0157:H7 can be introduced inside meat during the beef grinding process (3). Ingestion of 
contaminated and incompletely cooked ground beef or bovine-derived products constitutes the 
major way by which E. coli 0157:H7 infections occur. Shedding of bacteria through feces 
and utilization of cattle manure are mechanisms of environment and water contamination by 
E. coli 0157:H7 (43). 
Clinical treatment of E. coli 0157:H7 food-borne infections in humans is difficult, antibiotics 
are contraindicated because their administration could provokes Shiga toxins release (9, 37). 
We believe that prevention efforts against E. coli 0157:H7 infections in humans should start 
by reducing the entry of this pathogen in the food chain. In cattle production, visual 
identification of animals colonized with E. coli 0157:H7 is impossible (77) and no effective 
method is available to eliminate this microorganism in the beef industry (19). Acid washes 
and sanitation of pens are practices that reduce 0157 prevalence in the environment of cattle 
(19). Additional efforts should directly aim towards a reduction of the shedding of E. coli 
0157:H7 from cattle. Consequently, it is necessary to identify and modify current bovine 
production methods that may be responsible for the shedding of this bacterium in the 
environment. 
Growth-promoting agents are often administered to feedlot cattle during rising periods to 
prevent sub-clinical microbial infections in cattle and to improve feed conversion and weight 
gain (70). Three categories of products are usually used in beef production: ionophores, 
anabolic agents and antibiotics. For example, monensin, an ionophore widely used in cattle 
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production, enhances feed efficiency by altering the microbial fermentation of feed in the 
rumen, increases rate of weight gain and prevents coccidiosis (46). Also, the combination of 
trenbolone and estradiol improves body weight gain primarily through an increased rate of 
protein deposition (37), and oxytetracycline, an antibiotic, is used for the prevention and 
control of several infectious diseases (75). Although these growth promoters may increase 
animal body weight faster and at a lower cost for cattle producers, they may have harmful 
effects. For example, a possible association between the use of ionophores and shedding of 
enterohemorrhagic (EHEC) E. coli 0157:H7 in dairy heifers was suggested (29). The 
administration of sub-therapeutic doses of hormones (estradiol and testosterone) in feed had an 
immuno-suppressant effect in chickens (2). Some studies also reported that antibiotic therapy 
or use of antibiotics in cattle production provoked intestinal microflora alterations and/or 
selection of antibiotic-resistant strains (7, 4, 40, 51). Furthermore, it has been demonstrated 
that antibiotic treatment can directly select for resistant bacteria but also mutator alleles (25). 
Under such a selective pressure, bacteria may need to adapt by genetic mutations to survive in 
the changing environment; this may lead to the selection of hypermutable strains of E. coli 
0157:H7, which often results from a defective DNA mismatch repair (MMR) system (33). E. 
coli hypermutators have a spontaneous mutation rate that is 100- to 1000-fold higher than that 
of non hypermutable strains and they generally represent about 1-2 % of strains in a bacterial 
population (33). Mutator alleles may enhance acquisition of antibiotic resistance by mutation 
and recombination (7). It has been reported that mutator strains are a risk factor in the 
treatment of infectious diseases (18, 24, 25, 35). 
Our hypothesis is that the administration of growth-promoting agents and antibiotics to cattle 
may alter the intestinal microflora environment forcing bacteria to adapt to the new conditions. 
We present here the first study that attempted to systematically evaluate the effect of three 
types of growth promoters on the prevalence of antibiotic-resistant and hypermutable E. coli 
0157 isolates through time. 
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MATERIALS AND METHODS 
Animals, diet, treatments and sampling. The study was carried out from November 2002 to 
May 2003. Eighty healthy vaccinated, castrated and dehorned male cattle, aged 7-10 months, 
were purchased at an auction. The water was provided ad libitum by a water bowl for two 
adjacent pens, but each pen had its own access hole. Feed bunks were distributed in each pen. 
Before cattle arrival, the walls, the floor and the barriers inside the barn were washed with 
high pressure water and were entirely disinfected with vircon. The concrete floor was then 
recovered by wood shavings. Litter and manure were removed at least one time a weak or two 
if necessary. At their arrival (day -24) at the Centre de Recherche en Sciences Animales de 
Deschambault (CRSAD, Deschambault, QC, Canada), cattle received a normal adaptation diet 
composed of hay, silage, a protein supplement and a commercial mineral and vitamin mixture 
(Fig. 1). The diets fed to the steers after the adaptation period were formulated according to 
the recommendations of the National Research Council, Board on Agriculture, Committee on 
Animal Nutrition (39). Allotment of animals to pen (day 0) was marked by providing a 
typical growth diet constituted of a mix of grass and corn, silage and barley (Fig. 1). A 
finishing diet, given from day 58 until the end of the study, was basically composed of corn 
silage and high moisture ear corn (Fig. 1). Commercial mineral and protein supplements were 
always added to the diet according to recommended practices of beef production. 
On day 0, cattle were randomly allotted to 16 pens of 5 animals. Growth promoters used in 
this project were the ionophore monensin Rumensin® (Elanco Animal Health, Guelph, ON, 
Canada) and the implant Revalor®-S (Intervet Canada LTD., Whitby, ON, Canada), which is 
composed of 120 mg of trenbolone acetate and 24 mg of estradiol-17-beta. The 
oxytetracycline antibiotic Liquamycin® LA-200® was from Pfizer Animal Health (Kirkland, 
QC, Canada). Eight different treatments were administered: CTRL (control group), Li 
(Liquamycin® LA-200®), Re (Revalor®-S), Ru (Rumensin®) and a combination of growth 
promoters LiRe, ReRu, LiRu and LiReRu. Each animal in a given pen received the same 
treatment and each treatment was given in two different pens. Growth-promoting agents and 
antibiotics were given in combinations according normal feedlot practices. The treatments 
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were provided in accordance with the manufacturer's recommendations and the administration 
schedule is outlined in Fig. 1. On day 0, 5 ml of Liquamycin® LA-200® (200 mg/ml) was 
injected intramuscularly. Rumensin® was mixed with feed first at one third of the full dose of 
200 mg/day/head (days 0 to 7) and then at the full dose from day 8 to 165. Twice during the 
study (day 0 and day 119), cattle were implanted subcutaneously in the ear with Revalor®-S. 
During the study period, 5 to 6 g of feces were collected from each cattle at nine different 
points in time (days -3, 4, 25, 46, 67, 88, 109, 137 and 165). The rectal samples were taken 
with sterile plastic gloves, deposited in 15 ml of Carry-Blair transport medium (Quelab, 
Montreal, QC, Canada) and kept at 4°C before laboratory analyses, which were performed on 
the same day. 
Cattle Herd Pens 
Days (d) -24 -3 
Diet 
T~I—r~r~i—r 




d = -24 to 0 
— • 
Growth 
d = 0 to57 
Ru 1/3 dose 
d = 0 to 7 
r*-
Re and Li 
d = 0 
Ru full dose 
d = 8 t o l 6 5 
I I I I 
109 119 137 165 
Finishing 
d = 58 to 165 
Re 
d = 119 
FIGURE. 1. Study timeline. Diet modification, administration of treatments and sampling 
dates. Treatments: Revalor®-S (Re), Liquamycin® (Li) and Rumensin® (Ru). S: sampling 
date for detection of antibiotic-resistant and hypermutable E. coli 0157 isolates. Herd: 
animals in herd. Pens: Random allotment of animals in pens. 
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Isolation and detection of E. coli 0157. After vortexing the transport medium containing the 
fecal sample, 200 ul were transferred to 5 ml of tryptic soy broth (TSB, Difco Laboratories, 
Detroit, MI) containing 10 ug/ml of cefsulodin (Sigma-Aldrich Canada Ltd., Oakville, ON, 
Canada), 40 ug/ml of vancomycin (Sigma-Aldrich) and 50 ng/ml of cefixime (Fisher 
Scientific Ltd., Nepean, ON, Canada). Utilization of these antibiotics is recommended by 
Oxoid (Nepean, ON, Canada) to supplement TSB for the enrichment of Escherichia coli 
0157. After 6 h of incubation at 37°C with agitation (150 rpm), 10 ul of the enriched samples 
were streaked onto sorbitol-MacConkey agar (Difco) containing cefixime and tellurite 
(SMACCT, Oxoid) and incubated at 37°C for 18 to 24 h. Isolation of E. coli 0157:H7 was 
performed according to the modified method of Van Donkersgoed et ah, 2001 (52). At each 
sampling time from each animal, a maximum of five non-sorbitol fermentative colonies 
(colorless) were picked from SMACCT- API20E strips (BioMerieux, St-Laurent, QC, Canada) 
were used to confirm E. coli identity according to the manufacturer's specifications and 
detection of the 0157 antigen was done by using the E. coli 0157 latex agglutination test kit 
from Oxoid. Since each of the 5 isolates picked this way from any individual animal always 
presented the same API20E profile during the study, only one 0157 isolate per animal and 
sampling time was further characterized and enumerated in our Tables of results. The animal 
was then considered either positive or negative for E. coli 0157 at the designated sampling 
time. 
Detection of virulence genes. The E. coli 0157:H7 virulence factors encoding genes stxl and 
stx2 (Shiga-like toxins 1 and 2), eaeA (intimin) and e-hlyA (enterohemolysin) were amplified 
with specific primers (Table 1) using a multiplex PCR as previously described (21, 42). 
Detection of the flagellar antigen H7 gene (fliC\a) was also included. The protocol for DNA 
isolation was adapted from Kahan et al, 2002 (32) and the amplification protocol modified 
from Paton and Paton, 1998 (42). E. coli ATCC 35150 (0157:H7) and E. coli ATCC 25922 
(non 0157:H7) were used as positive and negative control strains, respectively. 
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TABLE 1. Description of primers and prevalence of genes associated with 
E. coli 0157 as determined by multiplex PCR for isolates collected from 
cattle treated with growth promoters. 
„ . „ ., - .
 n „ Amplicon Positive 
Primers Sequence 5 - 3 Ret. *" . , „ „ 
4
 (bp) strains (%) 
stxl FWD ATAAATCGCCATTCGTTGACTAC 
stxl REV AGAACGCCCACTGAGATCATC 
stxl FWD GGCACTGTCTGAAACTGCTCC 
stxl REV TCGCCAGTTATCTGACATTCTG 
e-hlyA FWD GCATCATCAAGCGTACGTTCC 
e-hlyA REV AATGAGCCAAGCTGGTTAAGCT 
eaeA FWD GACCCGGCACAAGCATAAGC 
eaeA REV CCACCTGCAGCAACAAGAGG 
fliCh7 FWD GCGCTGTCGAGTTCTATCGAGC 
fJiCh7 REV CAACGGTGACTTTATCGCCATTCC 
42 180 8(16) 
42 255 49 (98) 
42 534 47 (94) 
42 384 50(100) 
21 625 49(98) 
Detection of hypermutable isolates. The hypermutability phenotype of E. coli 0157 isolates 
was identified by measuring the frequency of spontaneous resistance to rifampicin {41). For 
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each isolate tested, 250 ul of 10 , 10 , 10 and 10 CFU/ml suspensions were spread onto 
Mueller Hinton agar (MHA) plates containing 128 pg/ml of rifampicin (Sigma-Aldrich 
Canada Ltd., Oakville, ON, Canada). Resistant CFU were counted after 48 h of incubation at 
37°C. The mutation frequency was calculated by dividing the mean of resistant CFU by the 
CFU present in the inoculum initially plated. In 26 independent experiments performed on 
different days, the non mutator control strain (E. coli ATCC 25922) showed a mutation 
frequency ranging from 10" to 10"10 with a median value of 1.3 x 10"9, whereas the frequency 
of the hypermutator strain (E. coli mutS) (Promega, Madison, Wl) ranged from 10"6 to 10"8 
with a median value of 2.5 x 10"7. Isolates having a mutation frequency of >10"8 were thus 
considered hypermutable. 
Antibiotic susceptibility testing. Antibiotic minimal inhibitory concentrations (MICs) were 
determined by an agar dilution method following NCCLS recommendations (38), using an 
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inoculum of approximately 4 x 104 CFU/spot and E. coli ATCC 25922 as the control strain. 
Inoculated Muller Hinton agar (MHA) plates were incubated at 37°C for 18-20 h. 
Susceptibility profiles were established for 12 antibiotics having the following susceptibility 
breakpoints: streptomycin (STR; > 64 |a,g/ml), oxytetracycline (OXY; > 16 p,g/ml), ampicillin 
(> 32 ug/ml), spectinomycin (> 64 ug/ml), trimethoprim-sulfamethoxazole (1:19) (> 4:76 
ug/ml), gentamicin (> 16 fig/ml), norfloxacin (> 16 ug/ml), rifampicin (> 4 ug/ml), 
chloramphenicol (> 32 ug/ml), nalidixic acid (> 32 ug/ml) and cefotaxime (> 64 ug/ml) 
(Sigma-Aldrich Canada Ltd., Oakville, ON, Canada) and enrofloxacin (> 2 ug/ml) (Bayer, 
UK). 
Pulsed-Field Gel Electrophoresis (PFGE). All E. coli 0157 isolates were subtyped by 
PFGE separation of JfTjal-digested genomic DNA. PFGE analyses were performed according 
to the Centers for Disease Control and Prevention PulseNet protocol with modifications {12). 
Electrophoresis conditions were based on the rapid PFGE procedure for E. coli 0157:H7 
published by Gautom, 1997 (23). The prepared thin slices of plugs (1 - 1.5 mm) were then 
electrophoresed at 200 V in a 1 % Seakem Gold agarose gel in 0.5X TBE buffer at 14°C 
(CHEF-DR® II, Bio-Rad Laboratories). Pulsing was set to ramp from 2.2 to 35.3 s over 14 h. 
Each gel comprised 15 lanes and included Xbal digests of Salmonella braenderup H9812 in 
lanes 2, 8 and 14, as a reference standard; and a Xbal digest of E. coli 0157 strain ATCC 
35150 in lane 13, as a reproducibility control. Lanes 1 and 15 were left blank; the remaining 
lanes were used for study isolates. 
BioNumerics analysis. The PFGE fingerprinting patterns were analyzed with BioNumerics 
(version 2.0 for Windows, Applied Maths, Kortrijk, Belgium). Restriction fragments were 
identified visually and the PFGE patterns were normalized by interpolation to the nearest 
reference lane. The molecular sizes of the fragments detected for the study isolates were 
calculated based on the fragments of reference standard S. braenderup H9812. Only 
fragments in the size range between 33.3 and 1135 kb were analyzed; smaller fragments were 
not consistently resolved. Optimization of 1.0% and a position tolerance of 1.0% were 
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applied. Dice similarity coefficients were calculated based on pairwise comparison of the 
PFGE profiles of study isolates. The matrix of coefficient was used to generate dendrograms 
based on the unweighted pair group method using arithmetic averages (UPGMA). Isolates 
were considered to have closely related banding patterns based on molecular typing if their 
PFGE profiles were related at equal or greater than 0.90, as determined by the BioNumerics 
analysis. 
Statistical analyses. The study was a 2 x 2 x 2 factorial design and the experimental unit of 
observation was the individual animals for the E. coli prevalence. As the prevalence is an 
ordinal variable, the test of association of Cochran-Mantel-Haenszel and logistic analysis 
(Proportional Odds Model) on individual response of every steer was used to determine the 
relationship between treatment and 0157 shedding using the FREQ procedures of the SAS 
Institute (48). Odds ratios were used to determine which treatment combination was 
statistically different from the control treatment and aP< 0.05 was considered significant. 
RESULTS 
Prevalence of E. coli 0157 isolates. A total of 717 fecal samples were collected during the 
study period: 7% (50/717) were positive for E. coli 0157, representing 48% (38/80) of 
animals. Before treatment (day -3), fecal samples from all animals were E. coli 0157-
negative; E. coli 0157 was first detected at day 4 (Table 2). E. coli 0157 was not found in 
any steer of the control group, although it was isolated from all treated groups. Due to the 
relatively low number of E. coli 0157 isolates found among treated groups, statistical tests 
could not demonstrate that the prevalence of E. coli 0157 was significantly different among 
treated groups (P > 0.05). However, compared to the untreated controls, there was a 
statistically significant association between the utilization of Re, Li, ReLi or ReRu and the 
shedding of E. coli 0157 at day 137 (P = 0.03) when 50% of the 0157 isolates of the study 
were found. At day 137, 80% (20/25) of the 0157 isolates were from the Re, Li, LiRe and 
ReRu treatment groups (Table 2). Noteworthy, the intestinal population of generic non-0157 
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E. coli was also evaluated during the study and was found to remain relatively constant (varied 
from 5.2 to 6.7 Log]0 CFU per gram of fecal material among all animals throughout the 
study). The population of non-0157 isolates should not have differentially affected through 
time the selection ofE. coli 0157 on SMACCT-






























































































































































 Each group was composed of 10 animals. At day 109, an animal died in a pen receiving 
Revalor®-S (Re). 
One third of full dose of Rumensin®. 
c
 Full dose of Rumensin® (200mg/day/head). 
- No sampling was made at this time. 
Characterization of E. coli 0157 isolates. Table 1 reports the PCR results for virulence 
genes and the flagellar antigen gene fliC^ associated with E. coli 0157:H7. All isolates 
possessed the eaeA gene encoding for intimin, an adhesin involved in E. coli 0157 intimate 
attachment to intestinal host cells (20). The Shiga toxin genes stxl and stx2 were detected in 
16% and 98% of the isolates, respectively, whereas the enterohemolysin e-hlyA was amplified 
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in 94% of the E. coli 0157 isolates. The gene fliCw was detected in 98% of isolates meaning 
that 49 of the 50 E. coli 0157 isolates collected in this study could probably expressed the H7 
flagellar antigen and be of the 0157:H7 serotype. A gene typing code was attributed based on 
the presence or absence of the studied genes. The most frequent profile (type B), observed in 
78%o of isolates, consisted in the presence of all genes except for stxl. Only 16% of isolates 
possessed all tested genes (type A). Two isolates possessed genes stx2, eaeA mdfliChj (type 
C), and one isolate possessed only the eaeA gene (type D). Also, 6 different biochemical tests 
from the API20E strips were used to regroup E. coli 0157 in 7 distinct biochemical profiles. 
Detection of B-galactosidase (GAL), ornithine decarboxylase (ODC) and fermentation of 
sugars (SOR: sorbitol, SAC: saccharose, RHA: rhamnose and MEL: melobiose) helped to 
distinguish E. coli 0157 strains. A biochemical typing code was thus attributed to each 
biochemical test profiles. Production of GAL and ODC, in addition to the fermentation of 
RHA and MEL, represented the most frequent profile (API20E typing code B) and differed 
from API20E typing code F only in RHA fermentation. These profiles were the most 
predominant and represented 56% and 20% of isolates, respectively. The other 0157 strains 
that showed a prevalence of 2 to 8% were classified by using the API20E typing code A (all 
positive tests), C (positive for ODC, RHA, MEL), D (positive for ODC, SAC, RHA, MEL), E 
(positive for GAL, RHA, MEL) or G (positive for GAL and ODC only). The only isolate 
belonging to the API20E typing code A was considered an atypical 0157 strain since it 
weakly fermented SOR. 
Detection of Hypermutators. Rifampicin resistance frequencies were determined from two 
independent experiments. High rifampicin resistance mutation frequencies (> 10"8) were 
detected in 8 (16%) isolates identified from 8 different animals and 6 different pens. 
Hypermutators were isolated from the Ru, Li, LiRu, LiRe and ReRu treated groups (Table 2). 
The selection of hypermutable isolates could not however be statistically associated to 
exposure to any specific treatment. The proportion of hypermutable strains among 0157 
isolates remained relatively constant throughout the study period accounting for 14% (1/7) of 
the 0157 isolates at day 25 and 20% (5/25) at day 137 (Table 2). 
105 
Resistance to antibiotics. Overall, 8 of 80 animals (10%) were colonized with antibiotic-
resistant E. coli 0157; all these 8 isolates were resistant to oxytetracycline and 7 of 8 were 
also resistant to streptomycin (Table 3). These strains were susceptible to the 10 other 
antimicrobials tested. Five out of eight isolates were either associated with a treatment with 
Li, Re or Ru and we could not established a statistically significant link between the utilization 
of a particular growth-promoting agent and the selection of resistant isolates. Noteworthy, 
resistance was detected at the beginning of the study, between day 4 and day 67, and then 
disappeared (Table 3). Five of the seven (71%) E. coli 0157 isolates identified on day 25 
were antibiotic resistant, and two of the eight resistant isolates were also hypermutable (Table 
3). The other 42 E. coli 0157 isolates (84%) were susceptible to all 12 antibiotics tested (data 
not shown). The MICs of the susceptible strains were comparable to those measured for the E. 
coli control strain ATCC 25922 and were within the reported MIC range for that strain (38). 
TABLE 3. Characteristics of the 8 antibiotic-resistant E. coli 0157 isolates 





















































































Pulsed-Field Gel Electrophoresis. Among the 11 gels that were ran and analyzed, there was 
a 97.4% similarity coefficient (SC) between the 11 profiles obtained for the reproducibility 
isolate (E. coli ATCC 35150) and a 99.7% SC between the 33 profiles obtained for the 
reference standard isolate (S. braenderup). Three different PFGE patterns were identified 
among the 50 0157 isolates analyzed (Fig. 2), with an overall SC of 57.7%. The PFGE 
banding pattern A was the most frequent profile, representing 42 (84%) isolates. All 
antibiotic-resistant E. coli 0157 isolates were distributed in PFGE patterns B (7 isolates) and 
C (one isolate). Noteworthy, the only type C isolate was also hypermutable. 
RS A B C RC 
FIGURE. 2. PFGE typing codes identified in E. coli 0157 isolates collected from cattle 
treated with growth promoters. RS : reference standard S. braenderup. RC : reproducibility 
control E. coli ATCC 35150. 
Epidemiogical considerations. Table 4 shows the characteristics of E. coli 0157 isolates 
identified through time. An overall typing code (I to XIII) was attributed to each isolate based 
on virulence gene profiles, biochemical properties, antibiotic susceptibility, hypermutability 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The overall typing codes clearly demonstrated phenotypic and genotypic divergences among 
most 0157 isolates, although the possibility of cross-contamination between pens could not be 
entirely excluded for strains showing high similarity. Type 1 was the predominant subtype 
with 22 strains out of 50 (44%), followed by type II (18%) and type III (8%). Type I and II 
differed only by the API20E results and more specifically by the rhamnose fermentation test. 
Typing code I was isolated throughout the study from at least on pen at each sampling date. 
Typing code II was only found at days 109 and 137 while typing code III was only found at 
day 25. The remaining ten typing codes were recovered far less frequently. Sixty one percent 
of the overall typing codes (8 of 13 codes) were identified on a single sampling date and in 
only one pen. The overall typing codes were not spatially or temporally distributed and could 
not be associated to any specific treatment. 
Among the 38 steers colonized, E. coli 0157 was detected on only one sampling date for 27 
animals, and at two and three sampling dates for 10 and 1 animals, respectively. Some 
animals shed two or three different isolates during the course of the study, for example steer 
no. 188 (pen no. 4) or steer no. 3601 (pen no. 7), respectively (Table 4). We also found that an 
E. coli 0157 isolate of a specific typing code could be repeatedly found for three weeks to two 
months within the same animal, for example steer no. 7932 (pen no. 8) and steer no. 7092 (pen 
no. 6), respectively (Table 4). 
DISCUSSION 
During the 165 days of the study, E. coli 0157 was detected in feces of all treated groups 
whereas no shedding of 0157 occurred in the control group. E. coli 0157 was isolated from 
38 (54%) distinct animals in a population of 70 cattle receiving growth promoters, and was 
detected in 8% (50/637) of the fecal samples collected from this population. The detection of 
E. coli 0157 varied through time and peaked at day 137. Compared to the untreated control 
group, there was a statistically significant association between the utilization of Re, Li, ReLi 
or ReRu and the shedding of E. coli 0157 at day 137 (P = 0.03), when it was observed that 
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80% of the 0157 isolates were from these treated groups (Table 2). Numerous surveys found 
that fecal E. coli 0157 prevalence in cattle was lower than 5% but the utilization of more 
specific and sensitive isolation methods provided a higher prevalence with 13 to 28% of the 
cattle being colonized (47). In cattle, the prevalence of E. coli 0157:H7 has been reported to 
be transient and differs between herds (3, 37). Data from other studies have also revealed that 
E. coli 0157 prevalence may vary from 0% to 61% according to seasonality (19). During 
summer months, the shedding of 0157 is known to be increased (27) but this factor cannot 
explain our results considering that the study was terminated in the spring and that no E. coli 
0157 was detected in untreated cattle. The high prevalence of 0157 observed in our 
longitudinal study also indicates that our isolation method was appropriate and sufficiently 
sensitive for the detection of E. coli 0157:H7. The type of diet can also modify E. coli 
0157:H7 prevalence in cattle but some studies have shown conflicting results (11, 45). In our 
longitudinal study, we have elected to provide the same diet to all animals and to control 
environmental factors by distributing the animals in similar pens. 
Our results thus indicate that the high prevalence of E. coli 0157 we observed may have been 
caused by the administration of growth-promoting agents to cattle since no shedding was 
observed in control animals. However, no specific association between the use of Rumensin® 
and the shedding of E. coli 0157 could be statistically established. Other surveys have also 
reported that the use of ionophores and the prevalence E. coli 0157 in cattle were not related 
(16, 22), although another study conversely associated ionophores and high prevalence of E. 
coli 0157 in heifers (29). In our study, Rumensin® was continuously added to cattle feed 
according to standard beef production practices but quantities ingested by each animal may 
have considerably varied and may have introduced a certain bias in our study. Similarly, 
neither Revalor® nor Liquamycin® could be specifically and statistically linked to the 
shedding of E. coli 0157. However, contrary to Rumensin® that was continuously provided 
to animals, Liquamycin® was only administered at day 0 while Revalor® was implanted at 
days 0 and 119. For this reason, it is tempting to speculate that the occurrence of antibiotic-
resistant isolates may be consequent to Liquamycin® administration since these isolates were 
only detected early in the study, whereas Revalor® may have contributed to the peak 
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prevalence of E. coli 0157 at day 137 since the administration of the second Revalor® 
implant preceded this peak and because 16 of the 25 isolates detected at day 137 received this 
growth-promoting agent. Such an interpretation is only speculative at the moment but 
warrants further investigations. 
Interesting epidemiological observations were also made based on the phenotypic and 
genotypic characterization of isolates. For instance, 71% of E. coli 0157 isolates identified on 
day 25 were resistant to oxytetracycline and, as judged by PFGE typing experiments, these 
antibiotic-resistant isolates were clearly distinct from the other E. coli. The transient 
occurrence of antibiotic-resistant strains was also reported in other studies (40, 50). 
We observed that the relative proportion of 0157 hypermutators remained constant at days 25 
and 137 (14 and 20%, respectively). Overall, the hypermutators represented 16% of the 
collected 0157 strains. This prevalence is higher than that reported for pathogenic E. coli and 
Salmonella populations (1.4 - 6.7%) (33) and may indicate that there were additional selective 
pressures for such a phenotype in our study. According to the nomenclature of Baquero et ah, 
2004 (5), 84% of the 0157 isolates (42 of 50) found in our study were hypomutable strains 
(non hypermutable), 12% were normomutable and 4% were designated weak mutators. No 
strong mutator strains were identified. Previously described hypermutator strains were shown 
to have a defective-directed DNA mismatch repair system (MMR) that led to insertions and/or 
deletions in the intergenic mutS-rpoS region (33). Normally, this system is a barrier to 
bacteria interspecies genetic exchanges but mutation in MMR could promote recombination 
and acquisition of new virulence or drug resistance genes (28). Among the hypermutable 
0157 detected in our study, 25% of strains (2 of 8) were antibiotic resistant. Resistance was 
otherwise found in 14% (6 of 42) of the non hypermutable 0157 isolates. No correlation 
between the hypermutability phenotype and antibiotic resistance could thus be clearly 
established contrary to the study of Oliver et ah, 2000 (41) that shows that antibiotic resistance 
was more frequently associated with hypermutable P. aeruginosa strains in cystic fibrosis 
patients. 
I l l 
Among the 0157 isolates that we have found, a large proportion (84%) was associated to the 
PFGE subtype A (Table 4). LeJeune et ah, 2004 (34) have also demonstrated the 
predominance and persistence of a specific subtype of E. coli 0157:H7 in a feedlot cattle 
population. In their study, 56 unique Xbal restriction endonuclease digestion patterns 
(REDPs) were identified in 230 isolates of E. coli 0157:H7 obtained from water and fecal 
samples and almost 60% of isolates were associated to four closely related REDPs (34). It 
may have been possible to further distinguish our isolates by using additional restriction 
endonucleases in PFGE experiments or by using other discriminatory techniques (17). 
Nevertheless in our work, 49 of 50 E. coli 0157 isolates could not ferment sorbitol like the 
majority of documented E. coli 0157:H7 strains (37). Although E. coli 0157:H7 is a highly 
clonal group and that most of E. coli 0157:H7 are rhamnose positive and sorbitol negative 
(30), phenotypic variation was reported in this serotype (53). In our study, some isolates were 
found to have atypical biochemical characteristics, one E. coli 0157 was SOR +, RHA + and 
thirteen isolates were SOR-, RHA-. The sorbitol positive E. coli 0157 strain (strain 06-01-03-
17), confirmed by the API20E strip and 0157 latex agglutination tests, was also only positive 
for the eaeA gene in PCR analyses, was hypermutable, antibiotic-resistant and showed a 
unique PFGE subtype (Table 4). This strain was isolated early in the study (day 25) from an 
animal treated with both Liquamycin® and Revalor®. 
Shiga toxins play an important role in the pathogenesis of E. coli 0157:H7 and Stx2 is more 
often than Stxl associated with the HUS (37). The enterohemolysin e-HlyA is a protein with 
a hemolytic function directed towards human leukocytes but does not affect red human cells 
(14, 37). Its participation in E. coli 0157 pathogenesis has not been clearly identified (14, 37). 
Previous studies pointed out that e-hlyA was linked to the presence of the stxl gene (6), and 
we found that only 2 of 49 stx2-positive isolates were negative for e-hlyA. In most of the E. 
coli 0157 isolates collected in this study (42 of 50), stxl was absent while stx2 was present in 
49 of 50 isolates. It is important to note that Stx2 was found to be 30-fold more lethal for 
mice (LD50) than Stxl (36) and was more frequently associated with the development of the 
HUS (8). This indicates that almost all of the 0157 strains isolated during the course of our 
study are capable of causing such severe infections in humans. In the scientific literature, H-
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negative E. coli 0157 was also associated with human infections (49) indicating that the non-
H7 E. coli 0157 strain isolated in our study could also have an impact on human health. 
Our study showed that use of growth-promoting agents and antibiotics may be associated with 
the shedding of hypermutators and antibiotic-resistant E. coli 0157:H7. Our results need to be 
reproduced in a setup of a larger scale to allow more statistical significance and to possibly 
report the specific contribution of a particular growth promoter. However, problems like the 
transient occurrence of some strains (e.g., drug-resistant strains) and other combination of 
factors (i.e., season and diet) may make causal relationships difficult to establish. 
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Detection of virulence-associated genes in Escherichia coli 0157 and non-0157 isolates 
from beef cattle, humans and chickens. 
3.1 Introduction de 1'article : roles et contributions de l'auteur 
En utilisant la genomique comparative par hybridation (GCH), nous avons compare le 
potentiel de virulence des souches 0157:H7 isolees lors notre etude precedente (Lefebvre et 
ah, 2006). Nous avons egalement inclus des souches 0157:H7 provenant de cas humains afin 
de comparer leur potentiel de virulence a celui de souches d'origine bovine. Les resultats 
generes par cette etude innovatrice ont renforce ceux obtenus par d'autres equipes de 
recherche ayant utilises des approches experimentales differentes afin d'etudier les souches 
0157:H7 bovines et humaines. 
Afin d'etudier specifiquement les souches 0157:H7, j 'a i prepare des puces a ADN en 
amplifiant et imprimant plusieurs genes de virulence et de transport du fer retrouves chez les 
souches pathogenes, des genes associes a la reparation de l'ADN (genes mut) ainsi que des 
genes permettant de distinguer les E. coli pathogenes et les non pathogenes. Par consequent, 
j 'a i fait une revue de litterature afin de cibler les genes importants a ajouter a nos puces. De 
plus, j 'ai realise le design des amorces et l'amplification des produits PCR pour 1'impression 
des puces. Au total, j 'a i ajoute pres de 200 genes aux puces a ADN deja existantes dans notre 
laboratoire et preparees initialement par Helene Moisan. 
Mon laboratoire possedait de 1'expertise au niveau des puces a ADN, mais pour des etudes de 
transcriptomique (ARNm) et non de genomique comparative (ADN). J'ai entame mes etudes 
genomiques par la mise au point et 1'optimisation du marquage de l'ADN (sondes) a l'aide de 
fluorophores et la normalisation des resultats. En ce qui concerne les experiences 
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d'hybridation, j 'a i realise toutes les etapes necessaires (extraction d'ADN, fabrication et 
hybridation des sondes, normalisation et analyses des resultats incluant les analyses 
TREE VIEW) pour chaque souche analysee. 
Pour l'article decoulant de cette etude, j 'a i fait la conception de toutes les figures, redige la 
premiere ebauche et corrige les versions suivantes. Avec les resultats de cette etude, j 'a i 
realise un poster que j 'a i presente en 2006 au congres de 1'American Society of Microbiology. 
Reference de Particle : 
Lefebvre, B., M. S. Diarra, H. Moisan, and F. Malouin. (2008). Detection of virulence-
associated genes in Escherichia coli 0157 and non-0157 isolates from beef cattle, humans 
and chickens. Journal of Food Protection. JFP-07-645-R1 (sous presse). 
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3.2 Resume en francais de Particle 
Les animaux de fermes destines a l'alimentation humaine peuvent etre des reservoirs de 
souches d? Escherichia coli pathogenes pouvant causer de serieuses maladies chez les animaux 
et les humains. La contamination des aliments par E. coli 0157:H7 souleve des inquietudes 
au niveau de la sante publique malgre que, pour l'instant, on ne sait pas clairement si tous les 
isolats 0157 d'origine animale sont dangereux pour 1'humain de facon equivalente. A 
l'inverse, le potentiel pathogene des isolats 0157 atypiques ainsi que des isolats appartenant 
aux serotypes non-0157 est souvent ignore. Nous avons utilise une puce a ADN permettant la 
detection d'un groupe de 346 genes afin de comparer les genes de virulence presents chez 8 
isolats 0157 d'origine humaine, 14 isolats 0157 d'origine bovine resistants aux antibiotiques 
et/ou hypermutables et 4 isolats E. coli non-0157 resistants aux antibiotiques et sorbitol 
negatifs isoles de poulets sains. L'hybridation sur puce a ADN a demontre que les isolats 
0157 provenant des bovins et ceux isoles des cas humains sont genetiquement distincts bien 
qu'ils possedent le raeme bagage de genes de virulence. Cette technique a permis une 
discrimination claire entre les isolats 0157 d'origine bovine hypermutables et ceux resistants 
aux antibiotiques basee sur les resultats d'hybridation pour stx2 et ycgG (isolats 
hypermutables) ou ymfL, stxl, stx2 et hylEavia„ (isolats resistants). D'autre part, l'absence 
d'hybridation pour le gene yfdR caracterise les isolats humains. L'hybridation sur puce a 
ADN a egalement mis en evidence l'absence de certains genes du systeme de secretion de type 
III, du plasmide p0157 et des genes stxl et stx2 chez un isolat 0157 atypique d'origine bovine 
fermentant le sorbitol. Cet isolat possede un pathotype particulier (eaeA$ tira espAa espBa 
espDa) qui n'est pas retrouve chez les souches 0157:H7 typiques. De plus, l'hybridation sur 
puce a ADN a demontre que certains isolats non-0157 provenant de poulets sains possedent 
les genes codant pour la salmocheline et la yersiniabactine, des systemes de transport du fer 
generalement associes aux souches pathogenes. 
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Food producing animals can be reservoirs of pathogenic Escherichia coli strains inducing 
diseases in animals or humans. Contamination of food by E. coli 0157:H7 raises immediate 
concerns about public health although it is not clear if all 0157 isolates of animal origin are 
equally harmful to humans. Inversely, the pathogenic potential of atypical 0157 isolates and 
several non-0157 serotypes is often ignored. Here, we used a DNA microarray capable of 
detecting a subset of 346 genes to compare the virulence-associated genes present in eight 
0157 isolates from human cases, 14 antibiotic resistant and/or hypermutable 0157 isolates 
from bovine and four antibiotic resistant, sorbitol negative, non-0157 isolates from healthy 
broiler chickens. Hybridization on arrays (HOA) showed that 0157 isolates from beef cattle 
and humans were genetically distinct although they possessed most of the same subset of 
virulence genes. HOA allowed discrimination between hypermutable and antibiotic resistant 
0157 isolates from beef cattle based on hybridization results for the stx2 and ycgG genes 
(hypermutable) or ymfL, stxl, stx2 and hlyEavian genes (resistant). On the other hand, the 
absence of hybridization to gene yfdR characterized human isolates. HOA also revealed that 
an atypical sorbitol fermenting 0157 bovine isolate lacked some genes of the type three 
secretion system, plasmid p0157 and stxl and stx2 genes. This isolate had a particular 
pathotype (eaeAp tira espAa espBa espDa) not found in typical 0157:H7. Additionally, HOA 
showed that some non-0157 isolates from healthy chickens carried genes responsible for 




Escherichia coli normally colonizes the intestine of humans and animals. However, some 
strains have acquired virulence factors and can cause enteric diseases and extra-intestinal 
infections (urinary tract infection, meningitis or sepsis) in their host (26). These pathogenic 
strains also can colonize the intestinal tract without the presence of symptom, be shed in the 
environment and contaminate the human food chain (21). This phenomenon is an important 
public health problem and it is imperative to understand the distribution of virulence 
determinants among E. coli isolates and to evaluate the potential risks for diseases in both food 
producing animals and humans. 
Cattle are known to be a major reservoir of the enterohemorrhagic (EHEC) E. coli 0157:H7. 
This zoonotic pathogen produces Shiga toxins (Stxl and Stx2) and harbours a 60-MDa 
plasmid, p0157, encoding numerous virulence factors that allow it to cause human 
hemorrhagic colitis (HC) and hemolytic uremic syndrome (HUS) (26). The differences 
between the 0157:H7 isolates from cattle and those from human cases have not been fully 
elucidated. For instance, the existence of at least two distinct lineages of 0157:H7 was 
detected among human and cattle isolates using an octamer-based genome scanning 
technology and comparative genomic hybridization (17, 38). It seems that the insertion sites 
of the Shiga toxin-encoding bacteriophage of bovine isolates are different from those of 
human isolates (3). In addition, isolates also differed in the expression of some virulence 
genes (9, 25, 28). 
This study was designed to evaluate the virulence potential of E. coli 0157 isolates from beef 
cattle and some other commensal E. coli from chickens. We used genomic DNA 
hybridization to a subset of 346 virulence-associated genes spotted on microarrays to examine 
similarities and differences among isolates from beef cattle and those causing outbreaks in 
humans. We found that although 0157:H7 isolates from animals and humans clustered 
separately following analysis of hybridization results, both types of isolates generally 
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possessed a similar battery of virulence genes. Some of the non-0157 isolates from healthy 
chickens also carried some pathogen-associated virulence genes that may represent a potential 
hazard or a reservoir of genes for transmission to pathogenic strains or species. This study 
also allowed detection of an unusual set of virulence genes in an atypical 0157 isolate from 
beef cattle that may exemplify the evolution dynamics that microorganisms from the intestine 
microflora may undergo under a variety of selective pressures in food animal production. 
MATERIALS AND METHODS 
E. coli strains. The isolates used in this study are listed in Table 1. For this work we selected 
14 antibiotic resistant and/or hypermutable E. coli 0157 isolates from beef cattle (20). The E. 
coli isolates from humans are also listed in Table 1 and were from the American Type Culture 
Collection (ATCC) or from hospitals in Canada or the United States. The reference 0157:H7 
strain EDL933 isolated from raw hamburger meat was included in human strains due to its 
implication in an outbreak of hemorrhagic colitis. The avian strain chi7122 was kindly 
provided by C. Dozois (Institut National de la Recherche Scientifique-Institut Armand-
Frappier Research Centre, Laval, QC, Canada). Other reference strains not listed in Table 1 
included RDEC-1 (a rabbit enteropathogenic E. coli 015:H-) and E2348/69 (a human 
enteropathogenic E. coli 0127:H7) were used for detection of variant genes part of the type 
three secretion system (T3SS). Strains RDEC-1 and E2348/69 were obtained from J. M. 
Fairbrother (Universite de Montreal, St-Hyacinthe, QC, Canada). 
Four E. coli isolates from the feces of healthy commercial broiler chickens were also 
compared by hybridization on arrays (HOA) to include genetically divergent controls and to 
see if such isolates could carry potentially harmful virulence genes (Table 1). Isolates E-256-2 
and E-256-3 were recovered from the same sample. Detection of the 0157 somatic antigen by 
latex agglutination (Oxoid) was negative for all chicken isolates although each of these 
isolates showed no sorbitol fermentation. 
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TABLE 1. Characteristics of the E. coli isolates used in this study. 
Virulence genes Gene variants 
Strain Serotype Origin H R 
stxl stx2 ehfyA eaeA fliC
 k7 eaeA tir espA espB espD 
16-12-02-21 0157:H7 Beef cattle" Y e s O , S + + + + + y y y y y 
16-12-02-49 0157:H7 Beef cattle N o O , S + + + + + y y y y y 
06-01-03-17 0157 Beef cattle Yes O, S - - - + - (5 a a 0t 0t 
06-01-03-69 0157:H7 Beef cattle N o O , S + + + + + y y y y y 
06-01-03-74 0157:H7 Beef cattle N o O , S + + + + + y y y y y 
06-01-03-75 0157:H7 Beef cattle N o O , S + + + + + y y y y y 
06-01-03-77 0157:H7 Beef cattle N o O , S + + + + + y y y y y 
17-02-03-24 0157:H7 Beef cattle N o O , S + + + + + y y y y y 
28-04-03-42 0157:H7 Beefcattle Y e s - - + + + + y y y y y 
28-04-03-45 0157:H7 Beefcattle Y e s - - + + + + y y y y y 
28-04-03-73 0157:H7 Beefcattle Y e s - - + + + + y y y y y 
28-04-03-77 0157:H7 Beefcattle Yes - - + + + + y y y y y 
28-04-03-78 0157:H7 Beefcattle Y e s - - + + + + y y y y y 
26-05-03-31 0157:H7 Beefcattle Yes - - + + + + y y y y y 
EDL933 0157:H7 Meat (ATCC 43895) No - + + + + + y y y y y 
EDL931 0157:H7 Human (ATCC 35150) No - + + + + + y y y y y 
ec007 0157:H7 Human (California) No - + - + + + y y y y y 
ec008 0157:H7 Human (Michigan) No - + + + + + y y y y y 
ec069c 0157:H7 Human (Quebec City) No - + + + + + y y y y y 
ec078c 0157:H7 Human (Quebec City) Yes - + + + + + y y y y y 
ec079c 0157:H7 Human (Quebec City) No - + + + + + y y y y y 
ec240c 0157:H7 Human (Sherbrooke) No S + + + + + y y y y y 
K12 non-0157 Laboratory strain No — — — — — — _ _ _ _ _ 
chi7122 O78:H9:K80 Diseased turkey NT N T - - - - - _ _ _ _ _ 
D-227 091 Chickenb No O, S - - - - - - - - - -
E-256-2 015 Chicken Yes 0 , S - - - - - - - - - -
E-256-3 015 Chicken Yes O, S - - - - - - - - - -
F-302 071 Chicken No O, S - - - - - _ _ _ _ _ 
a
 Previously described (20). 
b
 Previously described (22). 
Abbreviations. H, hypermutable strain; R, antibiotic resistance; O, oxytetracycline; 
S, streptomycin; NT, not tested 
Detection of virulence genes by PCR. Overnight bacterial cultures were diluted (1:10) in 
PBS IX and after boiling, cell lysates (10 ul) were used as the source of DNA templates in 
PCR reactions. A multiplex PCR reaction was used to detect stxl and stx2 (Shiga toxins 1 and 
2), eaeA (intimin), ehlyA (enterohemolysin) and fliChj (flagellar antigen H7). PCR reactions 
were analyzed by electrophoresis on 2.0 % agarose gel. Primer sequences were previously 
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published (20). E. coli ATCC 35150 (0157:H7) and E. coli K12 (non-0157) were used as 
positive and negative control strains, respectively. 
Detection of type 3 secretion system (T3SS) variants. A multiplex PCR reaction was used 
to detect variant genes from T3SS, specifically, eaeA (intimin), tir (translocated intimin 
receptor), espA (E. coli secreted protein A), espB (E. coli secreted protein B) and espD (E. coli 
secreted protein D). Primers sequences and PCR conditions used were previously published 
(7, 12). E2348/69 (a variant), RDEC-1 (p variant), EDL933 (y variant) were used as positive 
control strains and K12 as the negative control strain. 
Genomic DNA probes synthesis. Direct labeling of probes was done by using bacterial DNA 
extracted with the GenElute Bacterial Genomic DNA Kit (Sigma-Aldrich, Oakville, ON, 
Canada). Briefly, 2 pg of genomic DNA and 7 pg pdN6 random primers (Amersham 
Biosciences, Baie d'Urfe, QC, Canada) were denatured at 100°C for 10 min. In a total volume 
of 50 pi, genomic DNA was fluorescently labeled using 2 pi of 1 mM of Cy5-dCTP 
(Amersham Biosciences), 40 U of Klenow polymerase using the Klenow buffer IX (New 
England Biolabs, Pickering, ON, Canada) and 2 pi of the deoxynucleotide triphosphate mix 
(final concentration : 0.125 mM dATP, dTTP, dGTP and 0.0625 mM dCTP). The mixture 
was incubated for 2 h at 37°C in the dark and the reaction was stopped with 2.5 pi of sodium 
acetate 3 M, pH 5.2. Probes were purified with the QIAquick PCR purification kit (QIAGEN 
Inc, Mississauga, ON, Canada) according to the manufacturer's recommendations. Probes 
were dosed at 650 nm and at 260 nm to determine the amount of Cy5 incorporated. The 
frequency of incorporation (F.O.I.) of dye was on average 10.5, the percentage of 
incorporation was on average 4.3 % and the amount of labeled DNA was on average 1.2 pg. 
Fluorescent probes (40 pmoles of Cy5-dCTP) were lyophilized in the dark at room 
temperature using an Eppendorf Vacufuge. 
DNA array printing and analysis. HOA were performed using a microarray designed to 
detect 346 genes. Genes were first amplified by PCR using commercial K12 ORFmers 
(Sigma Genosys, Oakville, ON, Canada) or using primers designed (primer3 software) from 
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the known genome sequences of several pathogenic E. coli strains (tigr.org). When the size of 
the target gene exceeded 2000 bp, its beginning and/or end were separately amplified and 
resulted in the duplication of four genes (rtx, toxB, Z3135 and tsh) on the arrays. In average, 
the amplicon size of genes represented on the array was 1037 bp. The size and the quality of 
the PCR products were analyzed by agarose gel electrophoresis. Amplicons were then 
precipitated and suspended at a concentration of 200 ng/ul in 50% DMSO. Genes were 
printed in triplicates on Corning GAPS II Slides (Corning Co., Corning, NY) with the help of 
the Microarray printing platform of the Biotechnology Research Institute of Montreal 
(Montreal, QC, Canada). The list of genes is provided in Fig. 2-5 and in the Appendix. 
For data analysis, genes were separated in six major categories: (i) general metabolic 
functions, transport and basic secretion systems; (ii) stress response and regulatory functions; 
(iii) iron acquisition and homeostasis (core system genes, transport and utilization of 
catecholate and hydroxamate siderophores, heme/hemoglobin utilization and specific 
production or utilization of salmochelin, yersiniabactin and aerobactin); (iv) virulence 
determinants [adhesins, transport and specific secretion systems (T2SS, T3SS, T3SS-2), 
toxins, colicins and hemolysins]; (v) DNA repair and hypermutability [DNA methyl-directed 
mismatch repair system genes (MMRS)] and genes of the mutS-rpoS genomic region that 
often differs among 0157 and non-0157 strains (14); and finally (vi) 32 genes showing 
divergence among pathogenic and non-pathogenic E. coli (1) were also printed on chips. 
Microarrays also contained highly divergent negative control genes from the S. aureus 
genome and diluent control spots. 
DNA array hybridization and analysis. The probes were suspended in 18 ul of prewarmed 
hybridization buffer [5XSSC, 0.1% SDS, 25% formamide, 100 ug/ml Mouse Cotl DNA 
(Invitrogen Burlington, ON, Canada)]. The prehybridization, hybridization (overnight at 42°C 
in the dark) and washing steps were done as prescribed for the Corning GAPS II slides. 
Microarray scanning was done with the Packard ScanArray 5000 and quantification of signals 
with the ScanArrayExpress program V 2.2.0.0022 (Perkin-Elmer, Wellesley, MA). For each 
gene printed on microarray, data from the hybridization signals were eliminated if two spots 
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out of the triplicate were scratched or dirty. For each array, individual hybridization signals 
were normalized with the median of the 100 most intense signals on the array. The signal of 
each gene of test strains was then compared to the signal obtained for the reference strain used 
for PCR amplification representing the 100% hybridization control. Genes with normalized 
intensity values below 40% of that of the hybridization control strain were considered absent 
and those above 80% were considered present. Categories were established using results 
obtained for the sequenced strains Kl2 and EDL933 0157:H7 (ATCC 43895) that were also 
tested by hybridization on arrays. For theses strains, normalization was made like cited above 
and category cut-offs were chosen according to the presence or absence of the gene in the 
sequenced genomes. By default, genes with normalized intensity values between 40% and 
80%o were considered divergent. The classification of the normalized hybridization signal 
intensities in the three categories (absent, divergent, present) using a confidence interval of 
95%) was confirmed by a discriminant analysis using the k-nearest-neighbour method. 
Microarray hybridization with high background intensity or with strong signal intensity for the 
negative control genes of S. aureus were eliminated from the analysis. For each strain tested, 
results derived from the average intensity values of three independent hybridizations are 
presented here. The exception was isolate 28-04-03-42 for which one replicate was eliminated 
due to the high intensity of background. 
Statistical analysis and relationship clustering. The relative hybridization signal intensities 
expressed in percentage of the control and classified in three categories (present, divergent, 
absent) as described above were analyzed by complete linkage clustering with the CLUSTER 
program V 2.11. TREEVIEW software V 1.60 (http://rana.lbl.gov/EisenSoftware.htm) was 
used to generate representations of genetic relatedness of E. coli isolates. Discriminate and 
cluster procedures of SAS (29) were used to confirm the classifications of isolates. 
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RESULTS 
Detection of virulence genes by PCR. The presence of typical 0157:H7 genes (stxl and/or 
stx2, ehlyA, eaeA and fliChi genes) was first detected by PCR amplification (Table 1). The 
intimin gene (eaeA) was found in all bovine and human 0157 isolates. The stxl gene was 
detected in only 50% of the bovine strains whereas it was present in all human isolates. 
Except for one, all human isolates (7 out of 8) also possessed the stx2 gene. The bovine 0157 
isolate 06-01-03-17 was fliCf,7 negative, only harbored the eaeA gene and weakly fermented 
sorbitol; this confirmed its atypical character as previously reported (20). As expected, all 
four chicken E. coli isolates were negative for the five EHEC virulence genes tested. 
Characterization of T3SS variants. For almost all beef cattle and human 0157 strains (21 of 
22 isolates), the pathotype eaeAy tiry espAy espBy espDy was obtained (Table 1). This 
pathotype is usually observed in 0157:H7 isolates (7, 12). In contrast, the pathotype eaeAp 
tira espAa espBa espDa was recovered in the atypical 0157 isolate (06-01-03-17) mentioned 
above. No T3SS or variant genes were detected in chicken E. coli isolates. 
General clustering oiE. coli strains. The genetic relatedness of E. coli isolates based on the 
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FIGURE 1. Genetic relatedness of 28 E. coli isolates from different origins as interpreted by 
the TREEVIEW program based on hybridization data obtained for all 346 genes printed on 
arrays (A), for 93 general metabolic function, transport and secretion system genes (B), and 
for 35 stress and regulatory function genes (C). H, hypermutant; R, antibiotic resistant. 
Two different groups (Gl and G2) of isolates were distinguished based on the hybridization 
data obtained for all 346 genes on arrays (Fig. 1A). Gl clustered 0157 isolates from beef 
cattle (except for the atypical isolate) and from human cases as well as the references strains 
(EDL931 and EDL933). In this group, bovine and human isolates clearly formed three sub-
groups (Sb-Gl, Sb-G2 and Sb-G3, Fig. 1A). G2 contained other strains like the K12 strain, 
the chi7122 strain, the chicken isolates but also the atypical 0157 isolate from beef cattle. 
Two of the chicken isolates, E-256-2 and E-256-3, clustered closely together and probably 
represented the same strain as they were isolated from the same fecal sample. E-256-2 and 
E256-3 also helped validating the technology; the hybridization of genomic DNA to our 
subset of genes could discriminate dissimilar strains as well as recognize presumably identical 
strains. Although all other E. coli were independently isolated, other very tight associations 
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were also observed between some isolates and indicated a close genetic relatedness. For 
example, the isolates 0157:H7 strains EDL931 and EDL933 clustered together and are known 
to have 97.4% similarity of their genomes (37). Interestingly, five of the seven bovine 
hypermutable isolates clustered together (Sb-G2) while the seven antibiotic resistant E. coli 
clustered in Sb-G3 (Fig. 1A). The discriminatory power of the clustering analysis was greatly 
reduced when only using hybridization data from metabolic function, transport and secretion 
system genes (Fig. IB) or for stress and regulatory function genes (Fig. 1C), indicating that 
such genes were relatively conserved among the isolates. Besides the atypical bovine isolate 
discussed above, another exception was the chicken isolate D-277, which clustered distantly 
from all the other E. coli in G2 (Fig. 1A, B and C). This was also generally seen in other 
clustering analyses (Fig. 2-5). 
Detection of virulence genes by HOA. Hybridization results obtained with 83 genes of 
virulence factors allowed the formation of two distinct clusters according to the TREEV1EW 
analysis (Fig. 2). Beef cattle and human E. coli 0157 isolates excluding the atypical 0157 
strain (06-01-03-17), constituted one large cluster. This large cluster indicated that both human 
and bovine isolates possessed a similar battery of virulence genes even though they separated 
in two distinct sub-groups based on the hybridization data for all 346 genes analyzed (Fig.lA). 
Noteworthy however, all 0157:H7 strains possessed at least one Shiga-toxin gene (stxlAB or 
stx2AB) but the hypermutable bovine isolates were stxl-, stx2+ and negative for the hemolysin 
gene MyE of avian origin (avian hlyE), whereas the antibiotic resistant bovine isolates were all 
stxl+, stx2+ and avian hlyE+. All genes encoding both Shiga toxins were found in all human 
0157:H7 isolates except for isolate ec007, which only showed the stxlAB genes (Fig. 2). The 
second cluster obtained based on virulence genes was composed of K12, the chi7122 strain, 
the chicken isolates and the atypical 0157 isolate 06-01-03-17 (Fig. 2). 
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FIGURE 2. Hybridization results for 83 virulence genes and genetic relatedness of the 
compared E. coli strains as interpreted by the TREEVIEW program. Genes are listed on the 
left with the locus numbers and the percentage of positive strains that includes present and 
divergent genes. Hybridization signals were separated in three categories: present (dark grey 
boxes), divergent (grey boxes) and absent or strongly divergent (white boxes). Missing data 
(not considered in the calculation of the percentage of positive strains) are represented by 
black boxes. H, hypermutant; R, antibiotic resistant. 
The atypical beef cattle 0157 isolate 06-01-03-17 had indeed a distinct hybridization pattern 
for the T3SS genes. As also shown by PCR (Table 1), this atypical 0157 isolate was negative 
for Shiga toxin genes but positive for the intimin gene eaeA. This isolate harboured several 
but not all components or effectors of the T3SS (Fig. 2). The apparently incomplete T3SS 
found in isolate 06-01-03-17 may be in part explained by the'atypical combination of variant 
genes of T3SS detected by PCR (Table 1). Another distinction for the atypical 0157 strain, 
contrary to that found in all 0157:H7 strains, was its lack of T2SS and T3SS-2 genes (Fig. 2). 
Therefore, it seems that the atypical 0157 strain 06-01-03-17 did not contain plasmid p0157 
where the T2SS genes are usually found (30) nor the T3SS-2 genes which are homologues of 
the T3SS of S. typhimurium normally found in 0157:H7 (23). Hybridization results showed 
that genes encoding the T2SS were not detected in non-0157 strains but that some T3SS-2 
genes (eprJHS, epaO, eivJC and orf6) were found in some chicken isolates (Fig. 2). 
The TAT system is characterized by the translocation of folded proteins and enzyme 
complexes to the periplasm. Although that translocation system was found in numerous 
bacterial species, the specific contribution of the TAT system to the virulence of 0157:H7 was 
demonstrated (27). Hybridization results showed that the tatABC genes (twin arginine 
translocation sec-independent protein export) were present (with or without some divergence) 
not only in 0157 strains but also in all non-0157 strains tested. 
136 
Detection of iron-transport and assimilation systems by HOA. The relatedness of strains 
according to the hybridization results for 63 iron-transport and utilization genes is presented in 
Fig. 3. One large group of strains included all human and beef cattle 0157 isolates. However, 
bovine isolates clustered more tightly together showing for example some weaker 
hybridization signals for several of the genes on the array and even a lack of hybridization to 
the fliuD gene for 43% of the strains. On the other hand, one bovine strain, isolate 28-04-03-
78, was grouped more tightly with the human 0157:H7 strains which suggests that it may 
have iron-related virulence attributes similar to those of human strains. For this group of 63 
iron related-genes, the chicken isolate D-227 clearly clustered separately from all other strain 
tested and showed a lack of hybridization to key genes including tonB, fepE, fhuA, fhuE (Fig. 
3). 
Interestingly, both bfr (bacterioferritin) and yheA (bacterioferritin-associated ferrodoxin) were 
only present in K12, in the chi7122 strain and in the chicken isolates E-256-2 and E-256-3. 
The absence of the genes encoding the ferric citrate transport system (fecABCDE) in 0157 
strains also distinguished them from K12 and chi7122 although hybridization was detected for 
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FIGURE 3. Hybridization results for 63 iron transport and utilization genes and genetic 
relatedness of the compared E. coli strains as interpreted by the TREEVIEW program. Details 
are as described in legend of Fig. 2. 
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Genes related to iron acquisition from heme (chuSTWXYU) were only detected in 0157 strains 
(including the atypical strain 06-01-03-17). Other genes associated to pathogenic bacteria and 
involved in iron uptake and siderophore production (salmochelin, yersini abac tin, aerobactin 
and sitABCD) were found in some chicken isolates but were not present in the 0157 isolates 
and K12 strain. 
Detection of genes from the mutS-rpoS region and other MMRS genes by HOA. The 
genomic region comprised between the mutS and rpoS gene was reported to be strongly 
divergent between non-0157 and 0157 strains. Divergences in the mutS-rpoS region 
organization were reported by Herbelin et al. (14) and we used the genes found in such a 
region to compare strains on arrays (Fig. 4). Typically, the ygbNIJKLM genes were found, in 
most of the non-0157 isolates (K12, chi7122, E-256-2 and E-256-3) whereas the 0157 strains 
possessed yclD, yclC,padl and sly A. The exceptions were the atypical 0157 isolate 06-01-
03-17 that clustered again with the non-0157 strains, and the chicken isolate D-227 that 
clustered alone but close to 0157 strains. Interestingly, the chicken isolate F-302 possessed 
both, the set of genes found in the mutS-rpoS region of non-0157 as well as the set generally 
found in 0157 strains. Human and beef cattle 0157 strains possessed the typical genes 
associated to the mutS-rpoS region reported for 0157 (14) but hybridization to some genes 
(ygbNIJM) generally found in the non-0157 mutS-rpoS region was also detected in 0157 
strains from cattle. The particular hybridization profile observed for bovine 0157 isolates 
contributed to the formation of two sub-clusters that distinguished once more bovine and 
human 0157 strains (Fig. 4). 
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FIGURE 4. Hybridization results for 40 mutS-rpoS region and MMRS-related genes and 
genetic relatedness of the compared E. coli strains as interpreted by the TREEVIEW program. 
Details are as described in legend of Fig. 2. 
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Detection of 0157 and non-0157 polymorphic regions. Anjum et al. (1) recently identified 
some K12 genomic regions that were deleted or highly polymorphic in pathogenic E. coli 
including 0157:H7. Hence, we designed our microarrays to include 32 amplicons obtained 
from the K12 strain and that corresponded to those polymorphic regions to help strain 
differentiation (Fig. 5). Using such a gene selection, three distinct sub-groups were clearly 
identified among 0157 strains: the human 0157, the non antibiotic-resistant hypermutable 
bovine 0157 and the antibiotic resistant bovine 0157. More specifically, the ymfL and ycgG 
genes allowed a clear discrimination between resistant and non antibiotic-resistant 
hypermutable 0157 isolates from beef cattle whereas the absence of hybridization to insB_2, 
yfdR and b4285 (putative transposon function) distinguished the human 0157 strains from the 
bovine strains. The exception was again, the atypical bovine 0157 isolate 06-01-03-17 that 
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FIGURE 5. Hybridization results for 32 0157 and non-0157 polymorphic regions of E. coli 
strains and genetic relatedness of the compared E. coli strains as interpreted by the 
TREEVIEW program. Details are as described in legend of Fig. 2. 
DISCUSSION 
Comparative genomic hybridization has been used with success to show the genetic 
relationship between bacterial strains (11), to distinguish pathogenic and non-pathogenic 
strains (2), to study the heterogeneity of strains within a serogroup (1) and to evaluate genome 
plasticity within a bacterial species (33). In our study, we used genomic DNA hybridization to 
a subset of 346 genes spotted on microarrays to detect and compare the number and types of 
virulence-associated genes present in 0157 and non-0157 strains isolated from beef cattle, 
chickens and humans. Although there is no evidence to show that the number and types of 
virulence genes detected by hybridization on arrays (HOA) actually measure the virulence 
potential of individual strains, the presence of such genes in bacterial strains isolated from 
apparently healthy food producing animals is worrisome. On the other hand, the hybridization 
data we collected for our limited set of genes support the existence of two distinct 0157:H7 
lineages, bovine and human, as others have recently documented (17, 32, 38), and suggests 
that strains found in bovine will not systematically cause infections in humans. Others argue 
that a difference in expression of some virulence genes in some strains may affect their ability 
to cause disease in humans (9, 25, 28) and this possibility needs to be verified for our group of 
strains. 
Besides, the existence of eaeA, tir, espA, espB and espD variants was reported in the literature 
and may explain some of our negative hybridization results for components of the T3SS with 
the atypical 0157 isolate (9, 12). As we demonstrated by PCR, the T3SS variant pathotype 
(eaeAp tira espAa espBa espDa) of our atypical 0157 isolate differed from the typical 
pathotype (eaeAy tiry espAy espBy espDy) of bovine and human 0157:H7 strains. The atypical 
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(3 and a combination of variants found in our atypical 0157 isolate resembled more in this 
way to EPEC (enteropathogenic E. coli) or non-0157 EHEC than to 0157 EHEC (9). 
Difference between eaeA and tir variants was reported for non-0157 EHEC and EPEC but the 
eaeAp and tira combination that we report here was not previously observed (9). Moreover, it 
is possible that the atypical 0157 isolate 06-01-03-17 possesses a non-functional or 
incomplete T3SS based on the hybridization results for the components of this secretion 
system. In the scientific literature, incomplete LEE was also reported for two non-Shiga toxin 
producing 0157:H- isolates from humans (6). It will be interesting to study the functionality 
of the T3SS found in our atypical 0157 strain. Additionally, we showed that the atypical 
0157 bovine isolate also lacked the p0157 plasmid and other important virulence effector 
proteins (e.g., espA, espB, espD, espH, map, tir, nleA) associated with the T3SS confirming 
that this strain was clearly not equipped like typical EHEC (9, 12, 13). Because this strain is 
of the 0157 serotype, our hybridization results suggest that it could be an ancestor or 
descendant of virulent 0157:H7. Our finding thus showed the existence of an 0157 strain 
possessing an incomplete 0157:H7 virulence gene profile which may help to elucidate the 
origin and/or evolution of EHEC. 
Little information about sorbitol fermenting (SF) 0157 isolates is available although such 
strains can cause human illnesses. Recently, six SF and non-Shiga toxin producing 0157 
strains that phenotypically resemble our atypical 0157 bovine isolate were detected in cattle 
(19). Two of these six isolates were eaeA(+), ehlyA{-), katP{-) and espP{-) (19) which is also 
what we demonstrated by HOA for our atypical 0157 bovine isolate 06-01-03-17. Here, we 
thus report a more complete genetic characterization of an 0157 SF isolate from beef cattle 
and demonstrated by HOA that this isolate was distantly related to non-SF 0157. 
Iron is an element implicated in numerous bacterial processes and is essential for microbial 
survival in the mammalian host (see references 4 and 35 for reviews on microbial iron uptake 
systems). Our results showed clear differences between 0157 (cattle or human) and non-
0157 E. coli strains for the presence of iron acquisition and transport genes. Hybridization 
results demonstrated the presence of the heme transport system (chuSTUWXY) in all 0157 
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strains tested, including the atypical isolate 06-01-03-17. Iron acquisition from heme has aslo 
been shown in EHEC, Yersina enterolitica, Shigella dysenteriae and Vibrio cholera (4, 34). 
Heme/hemoglobin is considered one of the most important sources of iron for many bacterial 
pathogens (36). Implication of the heme/hemoglobin acquisition system in the pathogenesis 
of 0157:H7 is still not completely elucidated but it may certainly be beneficial to 
hemolysin/cytolysin-producing bacteria. Of interest in our study, is the bovine strain 28-04-
03-78 which clustered with human strains when analyzing iron-related genes (Fig. 3). This 
strain may be better fitted to cause diseases in humans than its 0157 bovine counterparts. Our 
hybridization results also showed that commensal E. coli isolates from healthy chickens were 
equipped with several iron-related genes {e.g., salmochelin, yersiniabactin and aerobactin-
mediated iron uptake genes) known to contribute to virulence of Salmonella and Yersinia and 
other pathogenic bacteria causing extra-intestinal diseases in humans (31). Previous studies 
also have demonstrated the presence of such genes in avian E. coli (10, 16). These isolates 
could be pathogenic or act as reservoirs of virulence and antibiotic resistance genes (8). 
Extensive characterization of these sorbitol negative non-0157 isolates will be necessary to 
establish their pathogenic profile and to determine their impact in chicken production and food 
safety. 
Bacterial strains defective in the MMRS are hypermutable having a mutation frequency that is 
a 100- to a 1000-fold higher than wild type strains (18). A dysfunctional MMRS also allows 
heterologous DNA (up to a 30% divergence) to be recombined within the genome (5, 24). 
Such MMRS defective strains have the possibility to acquire new genetic elements and/or 
mutations that may provide a selective advantage to compete in the gut microflora or under 
some stress conditions, for example, under antibiotic pressure. Even though insertion and/or 
deletion in the mutS-rpoS intergenic region were reported to be a consequence as well as a 
possible cause for a defective MMRS-associated hypermutable phenotype (18), such 
insertions and/or deletions were not detected in our hypermutable isolates. Our data suggest 
that point mutations or only small insertions/deletions may be the cause of hypermutability in 
our strains. However, the presence of the 0157 mutS-rpoS associated yclC, padl and slyA 
genes (14) in the chicken isolate D-227 is intriguing. Although,it was recognized that the 
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intergenic mutS-rpoS region was polymorphic among E. coli strains (14), the detection of 
genes normally associated to both the 0157 and the non-0157 mutS-rpoS regions in the 
chicken strain F-302 further illustrated the strong polymorphism associated to this region. 
Sequencing, genetic complementation (18) or functional studies (15) may be considered to 
learn more about the molecular basis of hypermutability in our strains and to understand if the 
detected genes have any role in virulence. All hypermutable, non-antibiotic resistant, bovine 
isolates were defective for genes encoding the Shiga toxin 1 (stxlAB) It will be interesting to 
analyze if the hypermutability phenotype is linked to this genetic characteristic. 
In conclusion, we have confirmed that HOA is a powerful tool to detect a large number of 
genes. The genes used in this study may represent suitable markers for detection of foodborn 
pathogenic E. coli. Our results also indicate that HOA is an excellent method to compare 
genomic profiles and detect similarities or divergences between strains which can be useful in 
epidemiological or pathogen tracking studies. Hybridization results clearly showed that 0157 
strains of bovine origin may have the same set of virulence genes than that of human isolates 
although they may belong to a different genetic lineage. Genetic characterization of an 0157 
atypical bovine isolate (06-01-03-17) that fermented sorbitol was also achieved using HOA. 
Lastly, we found that sorbitol-negative non-0157 E. coli isolates from healthy broiler chickens 
may represent a source of foodborn pathogens and that their importance should not be under-
estimated as they also possess several virulence factors. 
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APPENDIX 
The 93 genes of general metabolic functions, transport and secretion systems analyzed in 
Fig.IB were : aceK (b4016), acnB (bOl 18), acrA (b0463), acrB (b0462), acrE (b3265), acrF 
(b3266), aldH (bl300), aroF (b2601), btuB (bl711), btuC (M709), btuD (bl710), btuE 
(b4131), cysK (b2414), dacA (b0632), dacB (b3192), dacC (b0839), emrA (b2685), emrB 
(b2686),/7L4 (b\922), fliC (bl923), fliD (bl924), frdB (b4\53), ftsl (b0084) JiimA (bl612), 
gadA (b3517), gadB (bl493), ga/?,4 (bl779), glnH (b0811), g/«/> (b0810), glnQ (b0809), g«d 
(b2029), gorA (b3500), /™/? (b2552), /7vC (b3774), lacA (b0342), toc7(b0343), /acZ (b0344), 
lamB (b4036), //?Xv4 (b0181), IpxB (b0182), / ^ (b0027), wJ// (b3236), metE (b3829), mg//I 
(b4242), mrcA (b0396), mrc£ (b0149), mrcW (b0635), ndh (bll09), «/«S (b0578), nfrC 
(b4072), nfsA/mdaA (b0851), «r/7i (b4071), o m ^ (b0957), o/?/?,4 (bl243), oppB (bl244), 
op/7C (bl245), p&/?G (b2134), phoE (b0241), potD (bl 123), potE (b0692), pstA (b3726), pstB 
(b3725), pstC (b3727), rfaB (b2041), rfaC (b3621), rfaF (b3620), r ^ (b2039), rfbB (b2041), 
^ ^ (b0723), sdhB (b0724), sec,4 (b0098), sec£ (b3609), secD (b0408), sec£ (b3981), secF 
(b0409), secG (b3175), secY/prlA (b3300), toW (b0739), to/5 (b0740), tolC (b3035), tolQ 
(b0737), to/7? (b0738), trxB (b0888), w/aL4 (bl617), xdhA (b2866), xdhB/ygeT (b2867), xcftC 
(b2868), yagC/a/wC (b0262), ydgG (bl601), jJ/AT (bl688), yeg// (b2063), ygg^ (b2923), yqjH 
(b3070). The 35 stress and regulatory function genes analyzed in Fig. 1C were : arcA 
(b4401), bar A (b2786), cadA (b4131), cadB (b4132), cadC (b4133), cfa (bl661), clpP 
(b0437), cspA (b3556), cspD (b0880), dnaK (b0014), dps (b0812), e«vZ (b3404), flgM 
(bl071),/w (bl334), htrA (b0161), lexA (b4043), fo« (b0439), war^ (M534), msrA (b4219), 
msrB/yeaA (bl778), om/?i? (b3405), rec,4 (b2699), rpo£ (b2573), rpoH (b3461), rpoTV 
(b3202), rsd/yjaE (b3995), rae^ (b2572), rae£ (b2571), rseC (b2570), s/p (b3503), sodA 
(b3908), sodB (bl656), sox/? (b4063), soxS (b4062), j;/zW7 (b3203). The 346 genes analysed 
in Fig. 1A included all those listed above and those from Fig. 2-5. 
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Relative cytotoxicity of Escherichia coli 0157:H7 isolates from beef cattle and humans 
and characterization of an atypical sorbitol fermenting 0157 bovine isolate using an 
in vitro organ culture system. 
4.1 Introduction de Farticle : roles et contributions de l'auteur 
Les resultats obtenus par genomique comparative pour les souches 0157:H7 d'origine bovine 
et humaine (Lefebvre et al, 2008) nous ont conduit a etudier le pouvoir de virulence de ces 
souches. J'ai done mis au point un essai de cytotoxicity sur les cellules Vero et j 'a i ensuite 
realise les experiences. Sous ma direction, Caroline Vincent a mis au point une technique de 
PCR-RFLP et elle a identifie les variants stx2 chez les souches 0157:H7. 
Nos travaux precedents ont permis d'identifier une souche 0157 bovine atypique. A ce stade, 
mon travail consistait a caracteriser son systeme de secretion de type 111 (SST3) prealablement 
identifie comme incomplet et a analyser l'impact de ce systeme atypique sur la pathogenicite 
de la souche. Tout d'abord, j 'ai realise plusieurs PCR pour amplifier les genes responsables 
de la biosynthese de l'antigene 0157 visant a prouver que cette souche appartenait reellement 
au serotype 0157. De plus, j 'ai confirme, par PCR, les resultats obtenus par GCH pour le 
SST3 et complete la caracterisation de ce systeme en analysant d'autres genes. 
Nous avons collabore avec le laboratoire du Dr Fairbrother et du Dr Eric Nadeau (Universite 
de Montreal, Faculte de Medecine Veterinaire, St-Hyacinthe, QC) afin d'etudier la 
fonctionnalite du SST3 de la souche atypique. Ce groupe de recherche possede une expertise 
permettant d'etudier l'interaction entre les souches d'Zs. coli attachantes et effacantes et les 
enterocytes a l'aide d'un modele de culture de tissus ex vivo. Avec l'aide de Maurice Jr. 
Dubois, etudiant dans le laboratoire du Dr Fairbrother, j 'a i realise les experiences d'lVOC (in 
vitro organ culture) sur les souches a 1'etude. 
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Suite a ces travaux visant a etudier la virulence des souches 0157:H7 bovines et humaines 
incluant la souche 0157 bovine atypique, j 'a i redige un article scientifique. J'ai egalement 
prepare tous les tableaux et figures et j 'ai participe a la correction du manuscrit. Les resultats 
de cette etude ont ete presentes en 2007, par le Dr Moussa Diarra, lors de la reunion federate 
sur la recherche en salubrite des aliments et en nutrition. 
Reference de Particle : 
Lefebvre, B., M. S. Diarra, J. M. Fairbrother, E. Nadeau, M. Dubois, C. Vincent, H. Moisan, 
and F. Malouin. Relative cytotoxicity of Escherichia coli 0157:H7 isolates from beef cattle 
and humans and characterization of an atypical sorbitol fermenting 0157 bovine isolate using 
an in vitro organ culture system. Applied and Environnemental Microbiology, Submitted 
AEMO1361-08 Version 1. 
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4.2 Resume en francais de l'article 
A l'heure actuelle, les differences et les similitudes entre les souches d'E. coli 0157:H7 
isolees chez le bovin et celles provenant d'epidemies humaines ne sont pas clairement 
elucidees. Dans cette etude, nous avons compare des isolats 0157:H7 d'origine bovine et 
humaine afin de mieux comprendre le potentiel de virulence associe a chaque type d'isolat. 
Les genes stxl et/ou stx2 codant pour les Shiga toxines ont ete detectees chez tous les isolats a 
l'exception d'un isolat. Tous les isolats stx positif ont demontre un effet cytotoxique sur les 
cellules Vero, mais la cytotoxicite s'est averee plus importante pour les isolats bovins 
possedant le gene stx2 seulement. Le polymorphisme de longueur des fragments de restriction 
par PCR a permis de demontrer que le variant stx2c etait present chez tous les isolats d'origine 
bovine. II est a noter qu'une faible valeur de cytotoxicite a ete enregistree pour un isolat 0157 
(non H7) atypique fermentant le sorbitol et ne possedant pas les genes stx. Nous avons 
demontre que cet isolat atypique d'origine bovine possede un systeme de secretion de type 
trois (SST3) inhabituel et heterogene, constitue des variants P et a ce qui contraste avec les 
variants retrouves chez les isolats 0157:H7 typiques et nous avons fait ressortir l'absence de 
plusieurs genes du locus d'effacement des enterocytes (LEE) chez ce meme isolat. En 
utilisant un modele de culture d'organe in vitro (IVOC) sur intestins de porcelet neonatal, nous 
avons illustre que cet isolat atypique ne produit pas de lesions typiques d'attachement et 
d'effacement. Un effacement important et une elongation des microvillosites ont ete observes 
bien qu'aucune evidence d'adherence intime, de polymerisation d'actine ou de formation de 
piedestal n'ait ete remarquee. Les resultats de culture d'organe in vitro suggerent que des 
isolats 0157 atypiques stx negatif retrouves chez les bovins peuvent potentiellement causer de 
la diarrhee chez l'humain sans toutefois provoquer le syndrome uremique hemolytique. 
Globalement, cette etude peut aider a elucider le role des determinants de virulence 
specifiques dans le developpement des lesions d'attachement et d'effacement. 
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Differences and similarities between E. coli 0157:H7 isolates from beef cattle and those from 
human outbreaks are not fully elucidated. In this study, we compared 0157:H7 isolates of 
bovine and human origin to better understand the virulence potential of each type of isolate. 
The Shiga toxins stxl and/or stx2 were detected in all isolates except one. All 0157 isolates 
exhibited cytotoxicity on Vero cells but cytotoxicity was significantly greater in bovine 
isolates having only stx2. All bovine isolates possessed variant type stx2c as determined by 
PCR-restriction fragment length polymorphism. Of particular note, one atypical sorbitol-
fermenting 0157 (non H7) bovine isolate that was negative for stx genes demonstrated a low 
cytotoxicity value. We found that this atypical bovine isolate had a heterogeneous and 
unusual type three secretion system (T3SS) consisting of p and a variants in contrast to that 
found in typical 0157:H7 isolates and we demonstrated the absence of several genes from the 
locus of enterocytes effacement (LEE). We also demonstrated that this atypical isolate did not 
present typical attaching-effacing lesions in the ileal in vitro organ culture (IVOC) model 
using newborn piglet tissues. Extensive effacement and elongation of the microvilli were 
observed although there was no evidence of tight adherence, actin polymerization or pedestal 
formation. IVOC results suggest that atypical s/x-negative 0157 isolates found in cattle may 
potentially cause disease, such as diarrhea without hemolytic uremic syndrome, in humans. 
Overall, this study may help to elucidate the role of specific virulence determinants in the 
development of attaching-effacing lesions. 
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INTRODUCTION 
Cattle are known to be a major reservoir of Escherichia coli 0157:H7 and are considered 
asymptomatic carriers. In humans, this zoonotic foodborne pathogen is associated with 
hemorrhagic colitis and hemolytic uremic syndrome (HUS). This emerging intestinal 
pathogen causes attaching and effacing (A/E) lesions characterized by an intimate adherence 
to enterocytes and brush border effacement (Garmendia et al, 2005). This bacterial process is 
orchestrated by a type three secretion system (T3SS) that injects, in the host cell, effector 
proteins encoded by a pathogenicity island called the locus of enterocytes effacement (LEE). 
Close interaction between bacteria and the host cell is due to the binding of intimin (EaeA), a 
bacterial outer membrane protein and to a translocated-intimin receptor (Tir) that is injected 
into the enterocyte by the T3SS. Via this secretion system, E. coli 0157:H7 is able to provoke 
numerous cytoskeletal reorganisations such as microvillous destruction, pedestal formation 
characterized by actin condensation underneath adherent bacteria, and cell damage 
(Garmendia et al, 2005). 
A high prevalence of fecal shedding of 0157:H7 is generally found in beef cattle (Hussein, 
2007) although cases of human infection are relatively scarce despite the low infectious dose 
(1-100 CFU) suggesting that not all bovine isolates are able to be efficiently transmitted and/or 
cause disease in humans. To date, the distinction between E. coli 0157:H7 isolates from cattle 
and those recovered from human cases is not fully understood. Evidence of two major 
0157:H7 lineages (human and bovine) has been found (Kim et al., 1999; Zhang 2007) and 
differences between those lineages were recently highlighted by us and others (McNally et al., 
2001; Dowd et al, 2006; Rashid et al, 2006; Besser et al, 2007; Lefebvre et al, 2008). 
Indeed, using comparative genomics by hybridization (CGH), we previously showed that 
0157:H7 isolates from beef cattle were genetically different from human isolates but 
possessed similar virulence potential or more precisely, a similar set of virulence genes 
(Lefebvre et al, 2008). 
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Here, we designed a study to compare some aspects of the virulence of 0157 isolates from 
beef cattle and humans. We provide evidence that 0157 isolates with either a high or low 
cytotoxic potential can be found in cattle but that all strains studied may still be sufficiently 
equipped to produce disease in humans. 
MATERIALS AND METHODS 
E. coli strains. For this study, we used 50 E. coli 0157:H7 strains previously isolated from 
the feces of beef cattle (Lefebvre et al, 2005), including an atypical sorbitol fermenting 0157 
(non H7) isolate (06-01-03-17). We also included 20 E. coli 0157:H7 isolates from human 
outbreaks, two from the USA and 18 from the province of Quebec (Canada). Reference 
0157:H7 strains EDL931 (ATCC 35150) and EDL933 (ATCC 43985), isolated from the feces 
of a human with hemorrhagic colitis and from raw hamburger meat implicated in a 
hemorrhagic colitis outbreak respectively, were also included in the study. E. coli K12 and 
ECL1001 (porcine EPEC, 045:K-:H-) are non-0157 reference strains used in this study as 
control. 
Detection of virulence genes by PCR. A multiplex PCR assay was used to detect genes 
encoding Shiga-like toxins 1 and 2 (stxl and stx2), intimin (eaeA), enterohemolysin (ehlyA) 
and the flagellar antigen H7 ifliChi). Bacterial DNA used for PCR reactions were extracted 
with the GenElute Bacterial Genomic DNA Kit (Sigma-Aldrich, Oakville, ON, Canada). The 
primers used are listed in Table 1 and the composition of the mixture for the multiplex PCR 
reaction was previously published (Lefebvre et al., 2005). Positive and negative control 


























Table 1. Primers used for identification of some virulence genes and prevalence in 0157 
strains. 
, , . , „ . ,r, ,,N Number of 0157 strains positive (%) Virulence gene Primer sequence (5 to 3) — 





b FWD GGT CAC TGG TTC GAA TCC ACT AC 
stx2
 REV GGG ATC CTG AAT TGT GAC ACA GAT TAC ACT TGT TAC 
b FWD GGT CAC TGG TTC GAA TCC AGT AC 
stx2c
 R E y G G G A J C C T G A A T T G T G A C A C A G A T T A C A C T T G T T A C 
FWD GCATCATCAAGCGTACGTTCC 
eCle
 REV AATGAGCCAAGCTGGTTAAGCT 
FWD GACCCGGCACAAGCATAAGC 
e y
 REV CCACCTGCAGCAACAAGAGG 




 REV CAACGGTGACTTTATCGCCATTCC 
a
 Fifty 0157 strains were isolated from beef cattle and twenty two from humans; a total of 72 strains. 
Variant typing was performed following the PCR-RFLP procedure of De Baets et al. (4). 
Detection of stx2 variants by PCR-RFLP. PCR-restriction fragment length polymorphism 
(RFLP) analyses were performed to identify stx2 variants according a published protocol (De 
Baets et al., 2004) and the primers used are listed in Table 1. Bacterial DNA used for PCR 
reactions was extracted with the GenElute Bacterial Genomic DNA Kit. For RFLP analysis, 1 
fig of DNA was digested with Pvull, Haelll, Hindi and Accl to obtain PHIA pattern. 
Restriction fragments were analyzed on 3% agarose electrophoresis gel. EDL933 and E32511 
were used as control strains for the stx2 and stx2c variants, respectively. 
Transcriptional analysis of the stx2 gene. The procedure was modified from Toshima et al. 
(2007). E. coli was grown overnight in Luria Bertani broth. Cells were centrifuged and 
suspended in fresh media at a concentration of 107 CFU/ml. The control 0157:H7 strain 
EDL933 was treated with or without 0.025 jig/ml mitomycin C (Sigma), without agitation for 
1 h, 8 h and 24 h, before adding the RNaprotect reagent (QIAgen, Mississauga, ON, Canada). 
RNA was extracted using the RNeasy mini kit and RNase free Dnase set (QIAgen). One |ig 
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of total RNA was reversed transcribed with 0.5 mM dNTP, 50 ng random hexamers and 200 U 
of Superscript II Reverse Transcriptase (Invitrogen, Burlington, ON, Canada), according to the 
manufacturer recommendations. RNA was denatured and the cDNAs were purified with the 
QIAquick PCR purification kit (QIAgen). One ul of the cDNA preparation was amplified 
with the JumpStart Taq DNA Polymerase (Sigma) and 100 nM of the previously published 
primer sets (Toshima et al, 2007), using SYBR green: for stx2 (stx2-¥ 
ATTAACCACACCCCACCG, stx2-R GTCATGGAAACCGTTGTCAC), recA (recA-F 
AGCTACAAAGGTGAGAAGATCG, recA-R TTCGCTATCATCTACAGAGAAATCC) and 
gapA (gapA-¥ TATGACTGGTCCGTCTAAAGACAA and gapA-R GGTTTTCTGAGTAGC 
GGTAGTAGC). The primers used for stx2 were suitable for both variant genes detected in 
this study. Reaction mixtures were denatured 10 min at 95°C, followed by 35 cycles of 30 s at 
95°C, 1 min at 60°C and 1 min at 72°C on the MX3000P Real-Time PCR instrument 
(Stratagene, LaJolla, CA, USA). A dissociation curve was done to insure the specificity of the 
reaction. 
The expression (Ct) of stx2 and recA was normalized to the constitutively-expressed gapA 
gene (Toshima et al., 2007). The average of the relative stx2 expression normalized to gapA 
for two replicates in mitomycin C-treated cells was then compared to the relative stx2 
expression in untreated cells and was reported as a ratio (mitomycin C treated / untreated). 
The expression of recA was actually used to verify the stimulatory effect of mitomycin C on 
the SOS response (Toshima et al., 2007). It was then determined that a mitomycin C 
treatment of 24h adequately stimulates stx2 expression and this condition and time point were 
used to compare the relative expression of stx2 in several strains showing different level of 
cytotoxicity to Vero cells (see below). This time, the relative stx2 expression normalized to 
gapA in the test strain was compared to the relative stx2 expression in the control strain 
EDL933 and was again reported as a ratio (test strain / EDL933). 
Cytotoxicity assay on Vero cells. All 0157 isolates were tested for cytotoxicity. Lactate 
dehydrogenase (LDH) release by Vero cells damaged by Shiga-toxins was used to evaluate 
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cytotoxicity. Vero cells are sensitive to all known stx variants. Cytotoxicity quantification of 
0157 isolates was based on a previously published procedure (Maldonado et a/., 2005). 
Briefly, Vero cells (ATCC CCL-81) were grown in Dulbecco's Modified Eagle's Medium 
(DMEM) supplemented with 10% inactivated fetal bovine serum (FBS), penicillin and 
streptomycin at 37°C with 5% C02. Forty-eight hours before the cytotoxicity assay, Vero cells 
were seeded in 48-well culture plates (5 X 104 cells/well) in DMEM + 10% FBS. For toxin 
purification, bacterial cultures (37°C, 225 rpm, 23-26 h) were centrifuged and the superaatants 
were conserved at 4°C until use whereas the pellets were suspended in polymyxin B (Sigma-
Aldrich Canada Ltd., Nepean, ON, Canada). After incubation at 37°C for 30 min with 
agitation, the suspensions were centrifuged and the supernatants were combined with the 
previously collected culture supernatants. Preparations were filtered at 0.45 urn and kept at 
4°C for a maximum of 24 h. Vero cells were incubated for two days then washed with serum-
free DMEM. In each well, 150 ul of serum-free DMEM and 250 ul of purified bacterial toxin 
were added to the Vero cells. Purified toxins from EDL933 (0157:H7) and E. coli K12 (non-
0157) were used as positive and negative controls, respectively. Each isolate was tested in 
three independent triplicate assays. Plates were incubated at 37°C with 5% CO2 for 24 h. 
Release of LDH by Vero cells was then measured in the cell-free supernatants using a 
cytotoxicity detection kit (Roche Diagnostics, Indianapolis, IND, USA) according to the 
manufacturer's recommendations. The cytotoxicity values were determined according to 
LDH release and lactate reduction by absorbance (A) readings at 490 nm after 17 min. 
Cytotoxicity values were collected from at least three independent experiments (different toxin 
extracts and different LDH assays) for a total of 3 to 12 replicates per strain tested. 
Cytotoxicity was expressed as a percentage and calculated as follows: (A tested isolate- A K12) / 
(A E D L933-A K 1 2)X100 . 
Detection of T3SS genes by PCR. PCR primers used for detection of genes encoding T3SS 
are listed in Table 2. Genes were amplified by PCR using primers designed (primer3 
software) from the sequenced genome of EDL933. The size of the PCR products was 
analyzed by agarose electrophoresis gel in TAE IX. 
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TABLE 2. CGH and PCR results for non-LEE and LEE-encoded T3SS genes for 0157:H7 
strain EDL933 and the atypical 0157 bovine isolate. 
Sequence (5' to 3') EDL933 Amplicon Annealing Typical 0137 (EDL933) locus (bp) (°C) 
Atypical 0157 









































































































































































































































































































 Previously reported comparative genomic hybridization (CGH) results (19). 
b
 Previously reported variant type (19). 
c
 A smaller amplicon was generated for the atypical strain (~ 600 pb) compared to that obtained for 
EDL933 (701 pb). 
d
 Genes previously identified as having variable sequences based on the genomic comparison of strains EDL933 
and E2348/69 (24). 
0157 Serotyping. The 0157 serotype was confirmed by the latex agglutination test and PCR 
amplification of some genes implicated in the biosynthesis of the 0157 somatic antigen using 
primers listed in Table 3. Primers of targeted genes were designed using primer3 software 
from the sequenced genome of EDL933. Gel electrophoresis was performed to confirm the 
size of amplicons. The O serotype was also confirmed by slide agglutination using an 0157 
antiserum produced in a rabbit by standard techniques (Ewing, 1986) and by PCR 
amplification for 0157 antigen at the Reference Laboratory for E. coli (Faculte de Medecine 
Veterinaire, Universite de Montreal, St-Hyacinthe, QC, Canada). 
TABLE 3. Primers used for identification of the somatic 0157 antigen and PCR amplification 
results. 
Primers Sequence (5' to 3') EDL933 Annealing Amplicon EDL933 Ol 57 atypical 
locus ("Q (bp) PCR results PCR results 
wbdR FWD TGCTCTGGTTTTTGTGGATG 
REV TGGATTTCCGCACACAGTTA 
FWD GGCCTCGATGGATTTCATTA 
wbdP REV GAAAATCTGCACACGCATTG 
FWD CAACCGTCATTGACAGGAAA 
per (r) )
 R £ V A T T C G A T A G G C T G G G G A A A C 
FWD ACCAGTCTTGGTGCTGCTCT 
WZX
































Virotyping. The virotype of the strains was determined based on the presence of the genes 
for 20 virulence factors representing the pathotypes most commonly associated with disease, 
as detected by colony hybridization using DNA radioactive probes. The detected virulence 
factors allowing classification of isolates were STa, STb, LT, F4, F5, F6, F17, F18, F41, CNF, 
fimbriae P, aerobactin, Stxl (VT1), Stx2 (VT2), EaeA, Paa, East-1, AFA, AIDA, and Tsh 
(Reference Laboratory for E. coli, QC, Canada). Isolates were spotted onto Luria-Bertani agar 
and incubated overnight at 37°C. Colonies were then transferred to Whatman 3MM paper 541 
(Whatman Inc., Clifton, NJ, USA) and the filters were processed, hybridized, and revealed by 
autoradiography as described previously (Harel et al., 1991). Hybridizations were carried out 
overnight at 65°C and the films were exposed at -80°C for 3h and developed. 
Preparation of porcine ileal segments for IVOC. Bacteria-intestinal cell interactions were 
examined using the pig ileal in vitro organ culture (IVOC) model (Girard et ah, 2005). 
Neonatal colostrum-deprived piglets were anaesthetized with xylazine and ketamine 
hydrochloride by an intra-muscular injection. Intra-cardiac injection of sodium pentobarbital 
was used for euthanasia. Animals were treated in accordance with the Guidelines of the 
Canadian Council for Animal Care. Ileal segments of 15 cm were collected and the serosa 
was carefully removed with forceps. Segments were longitudinally opened and mucus was 
gently removed. Tissues were washed in complete RPMI 1640 medium (Gibco, Burlington, 
ON, Canada) for 30 min on ice with constant agitation. Ileum were cut into explants of 9-mm2 
and dropped with apical surface on the top on biopsy sponges placed in complete RPMI 1640 
medium. 
Bacterial cultures and explant infection. Bacteria were grown overnight in complete 
DMEM (Gibco) at 37°C with constant agitation (180 rpm). The next day, cultures were 
diluted (1:50) in fresh media and incubated at 37 °C until bacteria reach the exponential phase 
(DO<5tf0«m of 0.7). On each explant, 50 ul of bacterial suspension was dropped on the mucosal 
surface except for the non-infected control. Infected explants were incubated at 37°C with 5% 
C02 under constant agitation for 8 h. Two hours after explant inoculation, the medium was 
replaced by fresh complete RPMI 1640 and subsequently changed at each hour for the rest of 
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experimental procedure, i.e., until fixation for electron microscopy. 
Electron microscopy. Explants were fixed in 2.5% glutaraldehyde overnight at 4°C and then 
rinsed in cacodylate buffer (0.1 M cacodylate, pH 7.3) for 1 h 30 with regular changes. For 
transmission electron microscopy (TEM), samples were postfixed in 2% osmium tetroxide 
(Os04) at room temperature for 1 h. Tissues were then washed in water for 1 h 30 with 
regular changes and dehydrated in successive ethanol baths. 
For TEM, samples were embedded in epon-araldite resin and 80-nm sections were mounted on 
nickel grids. Staining was carried out with uranyl acetate and lead citrate. Observations were 
performed with a Philips 201 transmission electron microscope at 80 kV (Philips Electronics, 
Eindhover, The Netherlands). 
For scanning electron microscopy (SEM), tissues were dehydrated with ethanol, dried to 
critical-point, mounted on aluminum stub, sputter coated (10 nm) with gold and observed with 
S-3000N scanning electron microscope (Hitachi, Rexdale, ON, Canada) at 5 kV. 
Statistical analysis. Data were analyzed using the GLM procedure of SAS (SAS 2000) with 
the individual isolate as experimental units (each experiment was performed in triplicate at 
least three times). The 0.05 P-value was used to declare significance. The Least Significant 




Characterization of virulence genes. PCR results for virulence genes commonly associated 
with STEC strains are presented in Table 1. Almost all 0157 isolates possessed all genes 
usually found in 0157:H7 strains {stxl, stx2, eaeA, ehlyA and///C/,7), except that stxl was less 
frequently detected in bovine isolates (16.0%) than in human isolates (90.9%). Variant stx2c, 
as described in the classification of De Baets et al. (2004), was found in all bovine isolates 
except for one 0157 strain that was sfcc-negative (06-01-03-17) and variant stx2 was found in 
all human 0157 isolates. It should be noted that only eaeA, the gene encoding the intimin 
adhesin that is essential for the attaching and effacing mechanism, was detected in all 0157 
isolates. 
Cytotoxicity on Vero cells. All 0157 isolates exhibited cytotoxicity on Vero cells, in contrast 
to the tested non-0157 strains (Fig. 1). The average cytotoxicity value for bovine 0157:H7 
isolates (188.4%) was higher than that measured for human isolates (125.0%). 0157:H7 
isolates that were positive only for stx2 were more cytotoxic (average value, 209.5%) for Vero 
cells (P < 0.001) than isolates with both toxins (average value, 115.0%) or the isolate with stxl 
alone (112.5%). Interestingly, as mentioned previously, the stx2 genes from all bovine 
isolates corresponded to variant stx2c (Table 1). The cytotoxicity of bovine isolates with stx2c 
alone was greater than that caused by human isolates producing only stx2 (P < 0.05), whereas 
the cytotoxicity of strains producing stxl and stx2 was greater in human isolates (P < 0.05) 
(Fig. 1). No cytotoxic effect was found for non-0157 strains (K12 and ECL1001) with an 
average value of-10.4%, whereas the atypical stx-negative eae-positive 0157 bovine isolate 
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FIGURE 1. Cytotoxicity of is. coli non-0157 and 0157 isolates on Vero cells. Cross-hatched 
bar represents the cell integrity low control value and white bars represent non-0157 E. coli 
isolates (s/x-negative). E. coli 0157 human isolates are represented by pale gray bars, bovine 
isolates by dark gray bars and the atypical star-negative 0157 bovine isolate (06-01-03-17) by 
the black bar. Results are presented in percentage of cytotoxicity comparatively to the 
negative and positive controls (K12 and EDL933, respectively). 
Transcriptional analysis of the stx2 gene. Treatment of EDL933 with mitomycin C 
adequately induced recA expression over time (Fig. 2) This was expected as mitomycin C is 
known to stimulate the SOS response which may in turn increase production of Shiga toxins 








FIGURE 2. Relative expression of stx2 (white bars) and recA (grey bars) in E. coli EDL933 at 
the indicated time for mitomycin C-treated and untreated cells. Gene expression was first 
normalized to gap A. A minus sign indicates a greater gene expression in untreated EDL933 (-
untreated / mitomycin C treated) and a positive ratio indicates a greater expression in the 
treated cells (mitomycin C treated / untreated). The level of expression of stx2 in mitomycin 
C-treated cells at 24h was used to compare strains (Table 4). 












































































 Cytotoxicity value from Fig. 1. 
Expression ration (test strain/EDL933). 
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Indeed, expression of stx2 was also increased by mitomycin C (Fig. 2) and we used the 24-h 
treatment to compare the relative expression of stx2 in a variety of strains showing different 
levels of cytotoxicity for Vero cells (Table 4). In such experimental conditions, there was no 
apparent correlation between the level of cytotoxicity and the relative expression of stx2 
(Table 4). The coefficient r was extremely low (data not shown) whether we separately 
analyzed bovine, human, Stx2 producers, Stxl and Stx2 producers or analyzed all strains 
together. 
Characterization of T3SS genes. The bovine 0157 isolates of our study include an isolate 
that we previously designated as atypical isolate due to the presence of the following variants 
of T3SS genes: eaeA^ tira espAa, espB%, and espDa, these genes usually belonging to the y 
variant in typical 0157:H7 strains (Lefebvre et al., 2008). In the present study, we used the 
PCR to amplify additional T3SS genes that were not included in our previously performed 
CGH study to better characterize the LEE of this atypical 0157 isolate. We also confirmed by 
PCR the absence of genes that had been previously interpreted as absent from the atypical 
isolate genome based on the lack of hybridization to DNA arrays (Table 2). Overall, 30 T3SS 
genes were screened by CGH (Lefebvre et al, 2008) or by PCR (this study), including non-
LEE genes encoding effectors (espJ and nleA) and regulators (yhiE and yhiF) of T3SS (Table 
2). Together, CGH and PCR results suggested that genes espJ, nleA, espH, sepZ/espZ, map, 
and cesF were absent from the atypical 0157 isolate whereas the remaining 24 T3SS-related 
genes were detected. However, the presence of variant genes affecting negatively CGH or 
PCR analyses cannot absolutely be ruled out, especially considering that Perna et al. (1998) 
reported that some of the genes of interest could present highly variable sequences (Table 2). 
Serotype and virotype of the atypical 0157 bovine isolate. To confirm the serotype of the 
atypical bovine isolate, we amplified some of the genes encoding the 0157 somatic antigen 
(Table 3). To avoid false positive PCR results, we selected genes from the sequenced 
0157:H7 strain EDL933 that do not have homologous regions in the rest of the genome. All 
genes responsible for 0157 antigen biosynthesis were detected in both EDL933 and in the 
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atypical isolate (Table 3). Identification of the 0157 antigen in the atypical isolate was also 
confirmed by serotyping (0157 antiserum) performed independently by the Reference 
Laboratory for E. coli (St-Hyacinthe, QC, Canada). In addition, virotyping by colony 
hybridization for 20 virulence factors representing the pathotypes most commonly associated 
with disease only confirmed the presence of the intimin gene eae in the atypical 0157 bovine 
isolate. The nineteen other probes tested were negative and such results led to the 
classification of this isolate in the EPEC pathotype, although, as it belonged to the 0157 
serotype, it clearly had atypical properties. 
Adherence of the atypical 0157 isolate to the porcine ileum. As reported above, the T3SS 
of the atypical 0157 isolate may be altered or incomplete and suggests the presence of a non 
functional or unusual system that may possibly alter the adherence pattern of this isolate to 
enterocytes compared to that normally seen in typical A/E pathogens. We thus used an ex vivo 
porcine ileal model to study the adherence and T3SS function of the atypical isolate. It was 
previously demonstrated that porcine and human EPEC as well as of human E. coli 0157:H7 
strains adhere to the epithelial cells of the porcine ileum in this model (Girard et al, 2005). A 
well-characterized porcine EPEC strain (ECL1001) was used as the A/E reference strain for 
this model and a well characterized 0157:H7 strain of human origin (EDL933) that was used 
as another relevant comparative strain. Also, it is interesting to note that strain ECL1001 
possesses the same eaeAp variant as that of the atypical 0157 isolate. On electron microscopy, 
typical attachment and effacement lesions were observed for strain ECL1001 (Fig. 3A-B). 
Transmission electron microscopy (TEM) showed intimate-adherent bacteria with microvillus 
effacement beneath the adherence site. Bacteria were positioned in palisades and pedestals 
were observed under adherent bacteria with some visible actin condensation (dark regions). 
On scanning electron microscopy (SEM), we noted brush border disorganization and an 
intimate contact between bacteria and the apical surface of enterocytes (Fig. 3C). Tight 
attachments to enterocytes and microvillous effacement were also observed for EDL933, a 
human 0157:H7 strain (Fig. 3D-E). In contrast, A/E lesions were not observed for the 
atypical 0157 bovine isolate on porcine ileal explants. Close attachment to epithelial cells 
was not frequently observed on TEM for the atypical isolate and when observed, bacteria were 
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often separated from the epithelial cell surface by a gap (Fig. 3F). Remarkably, bacterial 
footprints accompanied by impressive microvillous effacement were frequently observed as 
well as strong brush border effacement with no evidence of pedestal formation or actin 
polymerization. Evident brush border reorganization and microvillous elongation were also 
observed on SEM (Fig. 3G). 
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FIGURE 3. Electron microscopy of porcine ileal segments inoculated with the porcine EPEC 
strain ECL1001 (A-B-C), the human 0157:H7 strain EDL933 (D-E) and the atypical bovine 
0157 (non H7) isolate 06-01-03-17 (F-G). Magnification: (A) TEM X 10 000; (B) TEM X 45 
000; (C) SEM X 7 000; (D) TEM X 45 000; (E) SEM X 8 000; (F) TEM X 15 000; (G) SEM 
X 8 000. The white arrows show pedestal formation; the short black arrows, tight binding and 
actin condensation underneath the bacterial attachment site; the long black arrows, 
microvillous elongation and the open arrows, adherent bacteria with or without gap or 
bacterial footprints. 
DISCUSSION 
Differences between 0157:H7 isolates from beef cattle and those from human outbreaks are 
poorly understood although a recent report argues for two distinct genetic lineages in which 
human isolates are mostly recovered from lineage I and bovine isolates from lineage II (Kim 
et al., 1999). Other studies had also demonstrated that bovine and human 0157:H7 isolates 
were different (Besser et al, 2007; Steele et al, 2007; Zhang et al., 2007). In a previous 
study, we also demonstrated that 0157:H7 isolates from beef cattle and human clinical cases 
clustered distinctly following comparative genomic hybridization which confirmed the idea of 
two different lineages (Lefebvre et al., 2008). However, we found that both genetic clusters 
(bovine and human isolates) clearly possessed a similar set of virulence factors indicating a 
similar pathogenic potential. This prompted us to continue the characterization of the bovine 
isolates and evaluate some aspects of their virulence. 
Here, we report the relative cytotoxicity of bovine and human isolates and also the host cell 
interaction profile of an atypical sorbitol fermenting 0157 bovine isolate. We found that at 
least half of the bovine isolates that possessed the stx2c variant of the Shiga-like toxin 
exhibited higher cytotoxicity on Vero cells than that measured for human isolates even if most 
of the latter possessed two stx genes (stxl and stx2). Although stx2 variants were differently 
associated with human disease (Gyles, 2007), our findings add additional concerns to the 
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conclusion of a previous study indicating that Stx2-producing strains were more frequently 
associated with HUS than Stxl or Stxl/Stx2-producing strains (Ostroff et al., 1989). The 
difference in cytotoxicity may also be explained by the level of expression of Stx and other 
virulence factors which may vary among bovine and human isolates (Dowd et al, 2006; 
Rashid et al, 2006; Ritchie et al, 2003; McNally et al, 2001). Here, transcriptional 
differences for stx2 could not be evidenced for the tested human and bovine strains (Table 4). 
Besides, the cytotoxicity observed in the cell culture assay may not be only attributed to the 
presence of Shiga toxins in the bacterial extract preparations. For example, we obtained a 
high cytotoxicity value for the s/x-negative E. coli strain ATCC 25922, a (3-hemolytic strain 
possessing the hlyA gene encoding the oc-hemolysin (data not shown). We did not, however, 
find any (3-hemolytic activity in any of the 0157 isolates examined in this study and they were 
all negative for hlyA using a PCR detection assay (data not shown). Also, the hlyA- and stx-
negative atypical 0157 bovine isolate still exhibited a low level of Vero cell cytotoxicity 
compared to non-0157 strains, which may possibly be attributed to other virulence factors 
found in this strain (Table 2). This finding encouraged us to further investigate the cell-cell 
interaction of this atypical isolate with enterocytes. We used an ex vivo ileal porcine model to 
accomplish this and found that the atypical 0157 isolate could indeed adhere to host cells, 
cause microvillous effacement and elongation as well as brush border disorganization, 
although it did not provoke typical A/E lesions or pedestal formation. This atypical strain may 
now be used to better understand the mechanism by which A/E lesions develop. 
We found that the atypical 0157 bovine isolate had a heterogeneous and unusual T3SS 
pathotype consisting of P and a variants (eaeAp tira espAa espBa espDa) in contrast to that 
found in typical 0157:H7 isolates (eaeA1 tir7 espAy espBy espD7) (Garrido et al., 2006). It is 
possible that a weaker association between the heterologous intimin (f$) and Tir (a) may 
explain the lack of tight adherence between the enterocyte and the microorganism as seen in 
our IVOC experiments. 0157:H7 is expected to colonize the human ileum and more 
specifically the follicle-associated epithelium of Peyer's patches through its intimin y 
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(Fitzhenry et al., 2002). It is possible that the presence of intimin (3 in the atypical isolate may 
also change tissue tropism or allow colonization of other intestinal regions or different hosts. 
Interestingly, other LEE-encoded genes were also found to be highly variable, especially 
eaeA, map, cesF, espH and sepZ/espZ (Perna et al, 1998). The presence of divergent gene 
variants may also explain the lack of detection by a PCR-based method of map, cesF, 
sepZ/espZ and espH in the atypical 0157 bovine isolate. To the best of our knowledge, espJ 
gene variants are not yet reported in literature probably due to the relatively recent 
identification of this gene in EHEC and EPEC, although EspJ from EDL933 only shares 
79.3% of amino acid identity with EspJ from E2348/69 (Dahan et al, 2005), thus also 
suggesting gene variability. The particular adherence pattern we observed for the atypical 
0157 isolate in our IVOC model may possibly be due to the presence of such LEE gene 
variants or alternatively to the absence of some T3SS effectors, especially those implicated in 
pedestal formation and development of A/E lesions. 
Among all T3SS effectors possibly lacking in the atypical 0157 isolate, EspH is one 
recognized to be implicated in pedestal formation and A/E lesion development. This effector 
participates in pedestal formation by modulating the host actin cytoskeleton as demonstrated 
by an experimental EspH inactivation that resulted in a diminution of pedestal formation (Tu 
et ah, 2003). However, as in another study an EPEC mutant deficient in EspH still produces 
microvillous effacement and A/E lesions with a pedestal footprint (Shaw et al., 2005), the 
absence of espH in the atypical isolate may not necessarily explain the absence of pedestal 
formation. Similarly, the absence of Map (mitochondrion-associated protein) cannot explain 
the lack of pedestal formation by the atypical isolate. Indeed, Map is not recognized to be 
implicated in pedestal formation and EPEC strains deficient in Map still adhere to cells in a 
similar manner to EspH mutants (Shaw et al., 2005). Other non-LEE encoded T3SS effectors 
that were not tested here, such as TccP/EspFu (Garmendia et al., 2004), or of a less known 
function, such as SepZ/EspZ that is a T3SS effector recently identified in EPEC (71.7% of 
homology with sepZ of EHEC) and that accumulates beneath the bacterial attachment site 
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(Kanack et al., 2005) could also be absent in the 0157 atypical isolate and require further 
investigation. 
In addition, the importance of EspJ in the dynamic of intestinal host clearance was 
demonstrated in vivo (Dahan et al., 2005). Interestingly, an espJ mutant persists longer than 
the wild type strain in the mammalian host (Dahan et ah, 2005). The absence of espJ in the 
atypical 0157 isolate may enhance its persistence in the bovine intestinal tract even though 
this strain appears less virulent in many aspects. 
Thus, the atypical 0157 bovine isolate lacks numerous virulence determinants that are usually 
required for efficient colonization (plasmid p0157) and pathogenesis (Shiga toxins) (Sheng et 
al., 2006; Lim et al., 2007; Gyles, 2007). However, the presence and persistence of a 
virulence attenuated 0157 isolate in the bovine gastrointestinal tract may provide a protective 
effect by stimulating the host humoral response against 0157 LPS as reported for cattle 
infected by 0157:H7 (Hoffman et al., 2006). Also, the clinical impact of isolates similar to 
the atypical 0157 isolate described here should not be underestimated. Indeed, cases of 
infantile diarrhea (without HUS) caused by sorbitol positive 0157:H- (stx -1 eaeA +1 ehlyA -1 
incomplete LEE) were reported in India (Chakraborty et ah, 2003). 
In conclusion, this study provides more information on the properties and cytotoxicity of 
bovine 0157:H7 isolates and more specifically of an atypical 0157 isolate that presented a 
heterogeneous T3SS and an atypical pathotype (eaeAp tira espAa espBa espDa). The ability of 
this isolate in intestinal colonization, persistence in gut and host protection remains to be 
evaluated. The atypical 0157 isolate also provides a new tool for future molecular 
investigations in which genetic complementation may be used to restore the ability of this 
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Comparative genomic hybridization in sorbitol-negative non-0157 Escherichia coli 
isolates from healthy broiler chickens. 
5.1 Introduction de 1'article : roles et contributions de l'auteur 
Dans le cadre d'une etude, realisee par le Dr Moussa Sorry Diarra, sur des souches 
commensales d'E. coli isolees de poulets sains nourris aux antibiotiques, quelques genes de 
virulence ont ete analyses (Diarrassouba et al., 2007). En collaboration avec le Dr Diarra, 
nous avons poursuivi la caracterisation du potentiel de virulence de ces souches multi-
resistantes a l'aide de la genomique comparative par puces a ADN. Pour cette etude, des 
souches d'E. coli non-0157 sorbitol-negatif provenant de poulet sains ont ete analysees. 
L'objectif de l'etude etait d'analyser les genes de virulence retrouves chez les souches E. coli 
commensales retrouvees dans le tractus intestinal de poulets nourris aux antibiotiques. 
Peu d'etudes s'attardent a evaluer l'impact de l'utilisation des promoteurs de croissance 
antimicrobiens en production animale sur la flore commensale des poulets et encore moins sur 
les isolats d'E. coli non-0157 sorbitol negatif. Regie generate, peu d'importance est accordee 
a ces isolats commensaux puisqu'ils ne representent pas un probleme pour les eleveurs. Par 
contre, il a ete montre ces isolats constituent un reservoir des genes de resistance aux 
antibiotiques (Diarrassouba et ah, 2007). Ceci etant etabli, nous avons evalue la presence de 
genes de virulence associes aux souches pathogenes chez divers isolats d'is. coli commensaux 
multi-resistants provennant de poulets nourris aux antibiotiques. De plus, nous avons evalue 
l'association entre les differentes rations alimentaires et la presence de genes de virulence chez 
ces isolats. Mentionnons que les poulets ont ete nouris avec des rations alimentaires 
composees de divers antibiotiques (classes et quantites differentes), un processus d'elevage 
normal qui est sans aucun doute questionnable. 
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Pour ma part, j 'a i coordonne le projet et assure la formation technique de deux etudiants. Sous 
ma supervision, Eric Bordeleau et Mariza Gattuso ont participe au projet. Eric Bordeleau m'a 
apporte son aide pour ajouter de nouveaux genes sur les puces et extraire les ADN. II a aussi 
realise quelques experiences d'hybridation que Mariza Gattuso a, a son tour, poursuivies et 
terminees. En plus de participer a la partie experimentale du projet, j 'a i assure la compilation 
des donnees et le traitement des resultats (normalisation et analyses TREEVIEW). 
Pour cette etude, j 'a i redige la premiere version de Particle, prepare toutes les figures et 
participe a la correction du manuscrit. Les analyses statistiques de cet article ont ete realisees 
par le Dr Diarra et les tests de susceptibilite aux antibiotiques par son equipe. Suite a cette 
etude, deux posters ont ete realises; 1'un que j 'ai presente en 2007 au congres de l'American 
Society of Microbiology et l'autre presente en 2007, par le Dr Moussa Diarra, lors de la 
reunion federate sur la recherche en salubrite des aliments et en nutrition. 
Reference de Particle : 
Lefebvre, B., M. S. Diarra, F. Diarrassouba, J. Pritchard, M.Gattuso, H. Moisan, and F. 
Malouin. Comparative genomic hybridization in sorbitol-negative non-0157 Escherichia coli 
isolates from healthy broiler chickens (en preparation). 
5.2 Resume en francais de l'article 
La genomique comparative par hybridation (GCH) a 1'aide de puces a ADN a ete utilisee afin 
d'etudier le potentiel pathogene et les relations genetiques entre 32 isolats d'E. coli non-0157 
sorbitol negatif isoles de poulet gril en bonne sante provenant de fermes commerciales. Les 
poulets ont ete nourris avec trois rations alimentaires differentes composes de divers agents 
antimicrobiens incluant la virginiamycine, bacitracine, salinomycine, narasine, nicarbazin et 
diclazuril comme promoteurs de croissance. La susceptibilite a divers antibiotiques a ete 
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determined par la technique Sensititre et une proportion elevee (83.3%) des isolats s'est averee 
resistante aux tetracyclines et plusieurs isolats etaient resistants a au moins 7 antibiotiques 
appartenant a 4 classes differentes. Pour chaque isolat, des sondes fluorescentes ont ete 
confectionnees a partir d'ADN genomique et ont ete hybridees sur les puces a ADN 
composees de genes associes a des fonctions generates (metabolisme, transport et secretion, 
stress et regulation), a la virulence (adhesines, systemes de secretion, toxines et hemolysines), 
aux systemes de transport du fer et a la reparation de l'ADN (genes mut). La GCH a mis en 
evidence que les isolats aviaires sont regroupes entre elles et que les souches uropathogenes 
(UPEC) pour l'humain sont egalement associees a ce groupe. Pour les isolats aviaires, aucun 
regroupement selon la ration alimentaire n'a ete observe bien que les isolats d'une meme 
ferme soient souvent regroupes ensembles. Par contre, les analyses statistiques suggerent que 
la formulation d'une ration alimentaire peut exercer une pression pour la selection de genes de 
virulence et de genes relies au transport du fer chez les E. coli commensaux retrouves au 
niveau du tractus intestinal des poulets de gril. Nous avons identifie un isolat aviaire 
genetiquement distinct qui possede les genes du systeme de secretion de type III (SST3) 
associes aux souches enteropathogenes (EPEC) et enterohemorragiques (EHEC) tandis que les 
genes associes a un systeme de transport secondaire (SST3-2) homologue a celui retrouve 
chez Salmonella typhimurium ont ete detectes chez d'autres isolats. Des systemes de transport 
et d'utilisation du fer retrouves chez de nombreuses bacteries pathogenes comme 
l'aerobactine, la salmocheline et la yersiniabactine ont ete mis en evidence chez plusieurs 
isolats aviaires. La GCH a egalement permis l'identification d'isolats aviaires semblables aux 
souches pathogenes d'origine aviaire (APEC) selon la detection de facteurs de virulence 
aviaires specifiques. Nos resultats ont suggere que les isolats E. coli non-0157 sorbitol 
negatif isoles de poulet sains ne devraient pas etre sous-estimes et devraient etre consideres 
comme des pathogenes d'origine alimentaire potentiel ainsi qu'un reservoir de genes de 
virulence et de resistance aux antibiotiques. 
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Comparative genomic hybridization (CGH) on DNA microarrays was used to study the 
pathogenic potential and relatedness of 32 non-0157 sorbitol-negative E. coli isolates from 
healthy broiler chickens of commercial farms. Chickens were fed three different feed 
containing different antibiotics including virginiamycin, bacitracin, salinomycin, narasin, 
nicarbazin and diclazuril as growth promoting agents. Susceptibility to antibiotics was 
determined using the Sensititre technique and a high proportion (83.3%) of isolates were 
resistant to tetracyclines and some were resistant to at least 7 antibiotics from 4 different 
classes. For each isolate, fluorescent probes were made from genomic DNA and were 
hybridized on DNA microarrays composed of genes associated with general functions 
(metabolism, transport and secretion, stress, regulation), virulence (adhesins, secretion 
systems, toxins, hemolysins), iron uptake systems and DNA repair genes {e.g., mut genes). 
CGH revealed that chicken isolates constituted a large cluster that included human 
uropathogenic (UPEC) strains. No clustering of chicken isolates was observed based on the 
diet type although isolates from the same farm often clustered together. However, statistical 
analysis suggests that feed formulation can exert pressure for selection of some virulence and 
iron related genes among commensal E. coli in the gut of broiler chickens. We identified one 
genetically distinct chicken isolate that showed typical genes of the type three secretion 
system (T3SS) associated with enteropathogenic (EPEC) and enterohemorrhagic (EHEC) 
strains whereas genes from a second system (T3SS-2) homologous to one found in Salmonella 
typhimurium were detected in other isolates. Several chicken isolates possessed iron transport 
and utilization systems found in many pathogenic bacteria, such as aerobactin, salmocheline 
and yersiniabactin. CGH also allowed identification of some chicken isolates similar to the 
avian pathogenic E. coli (APEC) pathotype based on the detection of specific avian virulence 
factors. Our results suggested that sorbitol-negative, non-0157 E. coli isolates from healthy 
chickens should not be under-estimated and may be considered as potential foodborne 
pathogens as well as a reservoir of virulence and resistance genes. 
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INTRODUCTION 
In animal production, antibiotics are generally used as growth promoters to enhance weight 
gain, improve feed efficiency and to prevent or control infections (Butaye et al., 2003). 
Antibiotic usage is considered as the most important factor promoting the emergence, selection 
and dissemination of antibiotic-resistant microorganisms in both veterinary and human 
medicine. Antibiotics select for resistance not only in pathogenic bacteria but also in the 
endogenous flora of exposed individuals (animals and humans) (Van Den Bogaard et ah, 
2000). Consequently, the emergence of commensal strains showing resistance to multiple 
antimicrobial drugs is a public health concern. In intensively reared broiler chickens, 
antibiotics are used as growth promoters in whole flocks rather than individual animals and 
such a practice may provoke a high selective pressure for resistance. Indeed, we previously 
showed that multiple antibiotic-resistant bacteria can be isolated from the feces of healthy 
broiler chickens fed with antibiotics (Diarrassouba et al., 2007). 
Avian pathogenic E. coli (APEC) is a potential cause of disease, although it is a normal 
inhabitant of the gastro-intestinal tract of birds and chickens. APEC can cause a number of 
extraintestinal diseases such as respiratory or systemic infections also known as colibacillosis 
(La Ragione and Woodward, 2002; McPeake et al., 2005). In the poultry industry worldwide, 
colibacillosis is the primary cause of morbidity, mortality and carcass condemnation (White, 
2005). 
Numerous virulence factors are found in APEC but recently it was demonstrated that fecal E. 
coli from healthy chickens could also possess APEC virulence genes (Rodriguez-Siek et ah, 
2005; Vandekerchove et al., 2005). Obviously, monitoring of APEC is crucial but no 
attention is generally paid to AFEC (avian fecal commensal E. coli) that may also potentially 
be pathogenic. Interestingly, sorbitol-negative, non-0157 E. coli isolates are generally under-
estimated and studies on these bacteria are scarce. In that respect, we previously highlighted 
that such E. coli were found in the gastrointestinal tract of healthy broiler chickens and 
possessed virulence genes associated with colibacillosis (Diarrassouba et al., 2007). 
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The present study was designed to better evaluate the virulence potential of sorbitol-negative 
non-0157 E. coli multi-resistant isolates from healthy chicken fed with antibiotics as growth 
promoting-agents. Genetic relatedness of these commensal isolates was analyzed with respect 
to farms and feed type. In other words, the purpose of this study was to determine if virulence 
genes associated to pathogenic strains may be found in commensal sorbitol-negative non-
0157 E. coli isolated from healthy broiler chickens reared using normal production practices. 
To accomplish this, we used 341 -gene DNA microarrays to perform comparative genomics by 
hybridization (CGH). 
MATERIALS AND METHODS 
E. coli strains, farms and feed. The E. coli isolates used in this CGH study are listed in 
Table 1. We used a collection of sorbitol-negative, non-0157 E. coli isolated from seven 
commercial broiler chicken farms (a, b, c, d, e, f, g) from the Fraser Valley (B.-C, Canada) 
using feed from three feed companies (A, B, C) that use antimicrobial in diets as previously 
described by Diarrassouba et al. (2007). The study timeline, antibiotics and dosages used in 
the feed of chickens at different growth phases were previously reported (Diarrassouba et al., 
2007). Briefly, the feed from company A contained narasin, nicarbazin, bacitracin and 
virginiamycin; the feed from company B contained salinomycin instead of virginiamycin; and 
that of company C also contained diclazuril and virginiamycin but no salinomycin. More 
precisely, we randomly picked 28 isolates (4 isolates/farm) and we also included two eaeA 
positives isolates (ECC-litt-3-1 and ECC-199-1). Two E. coli chicken isolates (ECD-227 and 
ECB-171) used as DNA template for the PCR amplification of some avian genes that were 
printed on microarray were also added to the CGH study for a total of 32 chicken isolates. 
The reference strains chi7122 and CFT073 were kindly provided by C. Dozois (Institut 
National de la Recherche Scientifique-Institut Armand-Frappier Research Centre, Laval, QC, 
Canada). 
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Meat implicated in a human outbreak (ATCC 43895) 
Human with hemorrhagic colitis (ATCC 35150) 
Human with acute pyelonephritis (ATCC 700928) 
Human with urinary tract infection 
Diseased turkey 
Laboratory strain 
Healthy broiler chicken (this study)c 
Healthy broiler chicken (this study)c 
Healthy broiler chicken (this study)c 
Healthy broiler chicken (this study)0 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)* 
Healthy broiler chicken (this study)c 
Healthy broiler chicken (this study)e 
Healthy broiler chicken (this study)1 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
Healthy broiler chicken (this study)' 
a
 E. coli chicken isolates were partially characterized (Diarrassouba et ah, 2007). 
NS : Agglutination non-specific with one or more antisera. 
NT : Negative reaction for agglutination test for all antisera. 
Rough : Agglutination with PBS. 
e
 This study provides virulence gene profiles by CGH (see results). 
Other reference strains not listed in Table 1 included RDEC-1 (a rabbit enteropathogenic E. 
coli 015:H-) and E2348/69 (a human enteropathogenic E. coli 0127:H7) that were used for 
detection of variant genes of the type three secretion system (T3SS) in eaeA positives isolates. 
Strains RDEC-1 and E2348/69 were obtained for from J. M. Fairbrother (Universite de 
Montreal, St-Hyacinthe, QC, Canada). 
Serotyping. The serotypes of E. coli avian isolates (Table 1) were performed by slide 
agglutination using 17 antiserums pool that can detect 87 O somatic antigens. The antiserums 
were produced by standard techniques (Ewing, 1986) at the Reference Laboratory for E. coli 
(Faculte de Medecine Veterinaire, Universite de Montreal, St-Hyacinthe, QC, Canada). 
DNA array probes synthesis. Probes were generated by direct DNA labeling as described 
previously (Lefebvre et al., Journal of Food Protection, in press). Briefly, 2 ug of bacterial 
genomic DNA was mixed with 7 ug of pdN6 random hexamers (Amersham Biosciences, Baie 
d'Urfe, QC, Canada) and boiled for 10 min to denature DNA. Probes synthesis were started 
by adding 2 ul of 1 mM Cy5-dCTP (Amersham Biosciences), 40 U of Klenow (New England 
Biolabs, Pickering, ON, Canada) and 2 ul of the deoxynucleotide triphosphate mix [final 
concentration : 0.125 mM dATP, dTTP, dGTP and 0.0625 mM dCTP] in a final volume of 50 
ul. Then, mixture was incubated in the dark at 37°C for 2 h to allow the labeling reaction. 
The reaction was then stopped with 2.5 (al of sodium acetate 3 M, pH 5.2 and the probes were 
purified with the QIAquick PCR purification kit (QIAGEN Inc, Mississauga, ON, Canada). 
Dosage of the fluorescent probes was made (260 and 650 nm) and for each probe, 40 pmoles 
of Cy5-dCTP were dried down at room temperature and protected from light. 
Microarray printing. For this CGH study, we used our 341-gene microarrays designed for 
E. coli (Lefebvre et ah, Journal of Food Protection, in press). Genes of the resulting arrays 
were separated into 6 categories: (i) metabolic functions, transport and secretion systems 
associated to general pathways; (ii) general stress and regulation; (iii) virulence including 
genes found on pAPEC-02-ColV (Johnson et al., 2006b); (iv) iron acquisition and 
homeostasis; (v) DNA repair and hypermutability genes including the polymorphic mutS-rpoS 
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region and genes from the DNA methyl-directed mismatch repair system (MMRS); and (vi) 
thirty two genes showing divergence among pathogenic and non-pathogenic E. coli (Anjum et 
ah, 2003). The gene list recovered in categories i and ii was also previously reported 
(Lefebvre et al., Journal of Food Protection, in press). Genes were amplified by PCR using 
commercial K12 ORFmers (Sigma Genosys, Oakville, ON, Canada) or primers designed with 
the Primer3 software (primer3_www.cgi v 0.2) from the known genome sequences of several 
pathogenic E. coli strains (tigr.org). Some avian virulence genes (hlyFavja„, ompTaviam cvaA, 
cvaB, cvaC, eitA, eitB and iss) were amplified using published primers (Johnson et al., 2006b; 
Johnson et al., 2004). Other avian genes (traT, tsh, vat, cvi) were amplified with primers 
designed from the Genebank submitted sequences. After confirmation of the amplicons size 
by electrophoresis, the PCR products were precipitated and suspended at a concentration of 
200 ng/ul in 50% dimethyl sulfoxide. Genes were printed in triplicate on Corning GAPS II 
slides (Corning Co., Coming, NY) at the Microarray printing platform of the Biotechnology 
Research Institute of Montreal (Montreal, QC, Canada). 
DNA array hybridization and analysis. After lyophilization, the fluorescent probes were 
suspended in 18 ul of hybridization buffer [5X SSC, 0.1% SDS, 25% formamide, 100 [ig/ml 
Mouse Cotl DNA (Invitrogen Burlington, ON, Canada)]. The prehybridization, hybridization 
(overnight at 42°C in the dark) and washing steps were done as prescribed for the Corning 
GAPS II slides. Hybridization signals for each spot were obtained with the ScanArrayExpress 
microarray scannerPackard ScanArray 5000 and the quantification of signals was done with 
the ScanArrayExpress program V 2.2.0.0022 (Perkin-Elmer, Wellesley, MA). Normalization 
of the hybridization signals was performed according to the method previously published 
(Lefebvre et al., Journal of Food Protection, in press). For each array, individual hybridization 
signals were normalized with the median of the 100 most intense signals on the array. The 
signal of each gene for a test strain was then compared to the signal obtained for the reference 
strain used for PCR amplification that representing the 100% hybridization control. Three 
categories of normalized intensities were established using results obtained for the sequenced 
strains K12 and EDL933 0157:H7 (ATCC 43985) that were also tested by CGH. For theses 
strains, normalization was carried out as described above and category cut-offs were chosen 
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according to the presence or absence of the gene in the sequenced genomes. Genes with a 
normalized intensity values below 40% of that of the hybridization control strain were 
considered absent or highly divergent, those between 40% and 80% were considered 
divergent, and those above 80% were considered present. The classification of the normalized 
hybridization signal intensities in these three categories was confirmed by a discriminant 
analysis using the k-nearest-neighbor method. For each strain tested, results derived from the 
average of intensity values of at least two independent hybridizations is presented here. The 
relative hybridization signal intensities expressed in percentage of the control and transformed 
in three categories (present, divergent, absent or strongly divergent) as described above were 
analyzed by complete linkage clustering with the CLUSTER program V 2.11 and displayed 
with the TREEVIEW program V 1.60 (http://rana.lbl.gov/EisenSoftware.htm). The genetic 
relatedness of E. coli isolates as interpreted by the TREEVIEW program was thereafter 
represented by hierarchical trees. 
Detection of T3SS gene variants. The presence of T3SS gene variants (eaeA, tir, espA, espB, 
espD) was specifically studied in E. coli isolates that were shown to possess eaeA by CGH. 
Primers used for PCR detection of variants were from published reports (China et ah, 1999; 
Garrido et al, 2006). 
Antibiotic susceptibility testing. The Sensititre automated system (Trek Diagnostic Systems, 
Cleveland, OH) was used to determine the susceptibility of E. coli isolates to 28 antimicrobial 
agents. To the 18 antibiotics previously tested by the Sensititre avian plate (Diarrassouba et 
al, 2007), we added 10 antibiotics that were tested by the Sensititre GRAM negative NARMS 
plates. The following antibiotic classes were tested: pMactams (ampicillin, amoxicillin, 
amoxicillin-clavulanic acid, penicillin, cefoxitin, ceftriaxone, ceftiofur); macrolides 
(erythromycin, tylosin); lincosamide (clindamycin); aminocyclitol (spectinomycin); 
aminoglycosides (streptomycin, gentamicin, neomycin, kanamycin, amikacin); tetracyclines 
(oxytetracycline, tetracycline); gyrase inhibitors (nalidixic acid, ciprofloxacin, enrofloxacin, 
sarafloxacin, novobiocin); sulfamides and combinations (sulfadimethoxine, sulfathiazole, 
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sulfisoxazole, trimethoprim-sulfamethoxazole (1:19)); phenicol (chloramphenicol). CLS1 and 
CIPARS breakpoints were used for E. coli isolates and E. coli ATCC 25922 was used as the 
reference strain. 
Statistical analysis. Data were analyzed using the GLM procedure and the Least Significant 
Difference (LSD) t test of the Statistical Analysis System (SAS, 2000). The association test of 
Cochran-Mantel-Haenszel was used to determine the relationship between feed companies and 
the presence of target genes using the FREQ procedures of the SAS Institute (SAS, 2000). The 
statistical significance was set at a P value <0.05. 
RESULTS 
General clustering of E. coli strains. The genetic relatedness of E. coli isolates based on the 
hybridization data for the 341 genes printed on the arrays is represented in Fig. 1A. It clearly 
appeared that the chicken isolates were more related to the extraintestinal/uropathogenic E. 
coli (ExPEC/UPEC) strains (human eel 17c and CFT073, and avian chi7122) when using all 
genes on the array (Fig. 1A). They clustered in more distant sub-groups when the 
comparisons were made using 92 genes of general metabolic functions (Fig. IB). Isolates 
from the same farm often clustered together (Fig. 1A). Indeed, some of the chicken isolates 
that clustered closely together probably represented the same strain as they were in some cases 
isolated from the same fecal sample {e.g. ECC-63-3, 4, 6 and 8 from farm c). Interestingly, 
this shows that CGH has enough discriminatory power to allow identification of closely 
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FIGURE 1. Genetic relatedness of the compared E. coli isolates as interpreted by the 
TREEVIEW program based on hybridization data obtained for all genes 341 genes printed on 
arrays (A), and for 92 general metabolic function, transport and secretion system genes (B). 
The origin of the chicken isolates is also documented by farms (a to g) and types of chicken 
feed (A to C). 
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Detection of virulence genes by CGH. CGH data for 80 virulence genes revealed the 
pathogenic potential of E. coli isolates from apparently healthy chicken (Fig. 2). This 
treeview illustrate that chicken isolates were often clustered according their farm of origin but 
not based on the feed the farms used. Virulence factors allowed clustering of almost all 
isolates in two distinct groups based on presence or absence of T3SS-2. A small cluster of two 
isolates (ECC-litt-3-1 and ECC-199-1) was particularly distinct from the other chicken isolates 
due to presence of T3SS genes and the absence of T3SS-2. However, some T3SS genes 
(espABD, map, tir) were not detected by CGH in eaeA (+) chicken isolates suggesting the 
existence of gene variants. Indeed, detection of T3SS gene variants by PCR led to 
identification of the eaeAy tir$ espAp espBp espDp pathotype in both E. coli chicken isolates 
(ECC-litt-3-1 and ECC-199-1). Interestingly, these LEE positive isolates did not possess the 
T3SS-2 contrary to that found in several chicken isolates that were LEE negative. 
Furthermore, the high pathogenic potential of isolates ECC-litt-3-1 and ECC-199-1 was also 
suggested by the detection of genes associated to avian colibacillosis like traT, tsh and vat. 
Although they were isolated from healthy broiler chickens, many of our E. coli isolates 
possessed numerous genes encoding adherence factors, transport systems playing a role in 
virulence of pathogenic strains (TAT [twin arginine translocation] and T3SS-2), hemolysin, 
toxin and colibacillosis genes {traT, tsh, vat). A sub-cluster of eight isolates from farms b and 
d possessed a particularly high virulence potential due to presence of numerous adherence 
factors including the long polar fimbriae (IpJ) which contributes to the intestinal colonization 
by 0157:H7 in vivo (Jordan et al, 2004), the presence of T3SS-2 as well as numerous toxin 
and avian virulence genes. On the other hand, genes encoding the Shiga-toxins (stx) and 
genes associated to plasmid p0157 (ehlyABCD, espP, katP, toxB, tagA/stcE, etp) that were 
normally found in 0157:H7 strains were clearly absent from the genomes of our chicken 
isolates and were only present in EDL931 and EDL933. 
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FIGURE 2. CGH results for 80 virulence genes and genetic relatedness of the compared E. 
coli isolates as interpreted by the TREEVIEW program. Genes are listed on the left with the 
locus numbers and the percentage of positive isolates that includes present and divergent 
genes. Hybridization signals were separated in three categories: present (dark grey boxes), 
divergent (grey boxes) and absent or strongly divergent (white boxes). The origin of the 
chicken isolates is also documented by farms (a to g) and types of chicken feed (A to C). 
Detection of iron-transport and assimilation systems by CGH. The relatedness of strains 
according to the CGH results for 63 iron-transport and utilization genes is presented in Fig. 3. 
Two large clusters were observed based on the absence or presence of iron-related genes 
generally found in pathogenic bacteria (heme transport and utilization, salmocheline, 
aerobactin and sitABCD [a divalent iron metal transporter homologous to the SitABDC system 
of S. typhimurium]). One large cluster included the majority of chicken isolates and UPEC 
strains (eel 17c and CFT073). The second cluster grouped other chicken isolates, K12, 
chi7122 and 0157:H7 strains (EDL931 and EDL933). 
Globally, genes associated with general iron uptake and transport (core system), to catecholate 
and hydroxamate siderophores and ferrous iron transport were detected in almost all E. coli 
isolates. Interestingly, bfr (bacterioferritin) and cirA (colicin I and monocatecholate outer 
membrane receptor) were lacking in several chicken isolates based on CGH results. Also, the 
ferric citrate transport system (fecABCD) was absent from the majority of chicken isolates 
although hybridization was detected for fecE (gene encoding an ATP binding protein), feci 
andfecR (regulatory genes) in almost all strains including those not isolated from chicken. 
Heme transport genes (chuSTWXYU) normally found in 0157:H7 strains were also present in 
several chicken isolates. Moreover, siderophores and iron uptake genes associated with 
pathogenic bacteria (heme, salmocheline, aerobactin and sitABCD) were also detected in 
several chicken isolates. Yersiniabactin, a siderophore generally recovered in ExPEC strains, 
was not detected in chicken isolates except in strains ECE-256-2 and ECE-256-3. 
198 
C B A C A A C B A C B B B B B C C C C C C C C A A A A A A B B C 











G e n e 
b f r 
e x b B 




t o n B 
yec l 
y h e A 
c i r A 
y h d B 
entA 
e n t B 
e n t C 
e n t D 
e n f E 
e n l S 
fcpA 
f e p B 
f c p C 
f epD 
f e p £ 











f h u A 
f h u B 
I h u C 
f h u D 
fht iE 
f h u F 
c h u S 
c h u T 
c h u W 
c h u X 
c h u V 
i r o B 
i r o C 
i r u D 
i r o E 
i roN 
fyuA 
i r p l 





t u t A 
s i tA 
s i l B 
s i lC 
s i t D 
L o c u s n o . 
» 3 9 6 6 
» 3 0 0 6 
b 3 0 0 5 
b 0 5 8 5 
b l 9 0 5 
b 0 6 8 3 
b ! 2 5 2 
b ! 9 0 2 
b 3 3 3 7 
b 2 1 5 5 
b 0 5 9 7 
b 0 5 9 6 
b 0 5 9 5 
b 0 5 9 3 
b 0 5 8 3 
bfl594 
b 0 5 8 6 
b0591 
b 0 5 8 4 
b 0 5 9 2 
b 0 5 8 8 
b 0 5 9 0 
b0587 
b 0 5 8 9 
b 0 8 0 5 
b4291 
b 4 2 9 0 
b 4 2 8 9 
b 4 2 8 8 
b4287 
M 2 9 3 
b 4 2 9 2 
b 3 4 0 8 
b3409 
b 0 1 5 0 
b0151 
b0151 
b 0 1 5 2 
b l l 0 9 
b 4 3 6 7 
Z 4 9 1 0 
Z 4 9 1 3 
Z 4 9 1 8 
Z 4 9 1 4 
Z 4 9 1 5 
Z 4 9 I 7 
C I 2 5 4 
C I 2 5 3 
C 1 2 5 2 
C 1 2 5 1 
C 1 2 5 0 
Y P O 1 9 0 6 
Y P O 1 9 1 0 
Y P 0 1 9 1 1 
C 3 6 2 7 
C 3 6 2 6 
C 3 6 2 5 
C 3 6 2 4 
C 3 6 2 3 
C I 600 
C 1 5 9 9 
C I 598 
C I 597 
N o 
O I 5 7 
































































posi t ive 
U P E C 
































































i so la tes 
A v i a n 

































































 - a - -
S U £ £ 
K12 6 w < £ 
, U O (J U 
n - 1 sd w w d 










+ 1" • • • » »• > • ' 
+ 
• •• • » • ! 
+ . * • * • • • 
+ 












+ JJJ -• 
+
 ! «"i' 
+ ••& "'X"i 
+ : ^ r . i i . i „**..« 
• NNML 























wp BESS "• r »«K-!5SlTPN» '-ifc m SMI 
_•••••_ 
Si 
'•••' v a s t - *' • ** -: W'^& •  -iJ$Esm 
1'!.'::••.^•.. • :s;2- :? : ,;:.. '-.::i£' ;. i*-:- ^ P i J ! ? 
•% • 
a * • i . . . 
• • • • i i H n 
:
'%:sitfu.! 




< • • • . - 1 • 
Hr 
m 
FIGURE 3. CGH results for 63 iron transport and utilization genes and genetic relatedness of 
the compared E. coli isolates as interpreted by the TREEVIEW program. Details are as 
described in legend of Fig. 2. Missing data (not considered in the calculation of the 
percentage of positive isolates) are represented by black boxes. 
199 
Detection of the plasmid pAPEC-02-ColV genes. When looking at virulence factors 
associated to this plasmid, we clearly found that 8 isolates possessed all tested pAPEC-02-
ColV tested genes except for cvaB3\ cvaC and tsh that were not detected in 7 of these isolates 
(Fig. 4). CGH data for pAPEC-02-ColV genes thus suggested that some E. coli isolates from 
healthy chickens harbor APEC genetic characteristics. Remarkably, all chicken isolates that 
possessed genes found on the pAPEC-02-ColV plasmid were isolated from farms (b and f) 
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FIGURE 4. CGH results for 26 virulence genes associated with pAPEC-02-ColV and genetic 
relatedness of the compared E. coli non-0157 isolates from apparently healthy chicken as 
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interpreted by the TREEVIEW program. Hybridization signals were separated in three 
categories: present (dark grey boxes), divergent (grey boxes) and absent or strongly divergent 
(white boxes). 
Detection of genes from the mutS-rpoS region and other MMRS genes by CGH. As 
expected, the mutS-rpoS genes associated to non-0157 strains were found in several of the 
studied chicken isolates although genes associated to 0157:H7 strains were also found in 
several non-0157 isolates (Fig. 5). Interestingly, all isolates identified as APEC members 
possessed yclC, padl and slyA genes and some chicken isolates possessed both, the set of 
genes found in the mutS-rpoS region of non-0157 (ygbUKLMN) as well as yclC, padl, sly A 
generally found in 0157:H7 strains. 
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FIGURE 5. CGH results for 39 mutS-rpoS region and MMRS-related genes and genetic 
relatedness of the compared E. coli isolates as interpreted by the TREEVIEW program. 
Details are as described in legend of Fig. 2. 
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Detection of 0157 and non-0157 polymorphic regions. Our microarray contains a set of 
genes previously identified to allow genomic discrimination of strains (Anjum et al., 2003). 
Effectively, isolates that were suspected to be very closely related based on the clustering 
analyses presented in Fig. 1 to 5 were also highlighted by hybridization data to the 
polymorphic regions (Fig. 6). Identification of 18 distinct strains among the 32 isolates tested 
included four possible APEC strains (ECB-47-3, ECB-171, ECB-175-2, ECF-2564-1). 
Chicken isolates obtained from the same farm and showing the same hybridization profile 
were considered as identical, whereas isolates with similar hybridization patterns but obtained 
from different farms were considered as distinct strains. Only the 18 distinct strains were 
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FIGURE 6. CGH results for 32 0157 and non-0157 polymorphic regions of/;'. cW/ isolates 
and genetic relatedness of the compared E. coli isolates as interpreted by the TREEVIEW 
program. Details are as described in legend of Fig. 2. 
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Antibiotic susceptibility profiles of genetically distinct E. coli chicken isolates. The 
susceptibility to 28 different antibiotics was determined for the 18 genetically distinct sorbitol-
negative E. coli isolates from chickens identified in Fig. 6. Four distinct isolates were 
obtained using feed company A, and 5 and 9 isolates came from farms using feed companies 
B and C, respectively. Antibiotic susceptibility testing showed that three strains (ECC-litt-3-1 
[LEE positive], ECB-175-1, ECG-320-2) were susceptible to all antibiotics tested whereas one 
strain (ECA-137-4) was resistant to only one (Table 2). The other 14 strains were also multi-
resistant; more than 33% of the E. coli strains were resistant to 10 antibiotics with one strain 
(ECD-227) resistant to 15 antibiotics. A high proportion of strains (83.3%) were resistant to 
tetracyclines. Resistance to ^-lactams and sulfamides were detected in 77.8% and 55.6% of 
the strains, respectively. Results for penicillin, erythromycin, tylosin, clindamycin and 
novobiocin were not presented since E. coli is intrinsically resistant to those antibiotics. 
Multi-resistance was noted among the possible four APEC strains (ECB-47-3, ECB-175-2, 
ECB171, ECF-264-1) identified in this study. These strains were resistant to at least 7 
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Association of specific virulence and iron-related genes to farms and feed types. The 
prevalence of virulence and iron-regulated genes in the 18 genetically distinct E. coli isolates 
listed in Table 2 was calculated. Statistical analyses revealed no difference in the overall 
presence of virulence or iron-related genes among strains obtained using feed company A, B 
or C. However, a tendency (P=0.06) to find hlyE (MyE/clyA/sheA) in E. coli isolates 
recovered using feed company C was noted (Fig. 7) and the LSD test showed that this was 
statistically significant (P < 0.05). The virulence gene ompTavum and the iron uptake system 
components yecl and yheA were also significantly detected in isolates from farms provided by 
feed company C (Fig. 7) as demonstrated by using a battery of statistical tests (GLM, LSD and 
Cochran-Mantel-Haenszel). There was no significant difference between feed companies for 
all the other genes that were screened probably due to the low number of isolates obtained 















































































































































































































































































































































































































Our results suggested that sorbitol-negative, non-0157 E. coli isolates from healthy chickens 
should not be under-estimated. We observed that chicken isolates from healthy chicken 
possessed iron transport and utilization systems found in many pathogenic bacteria, such as 
aerobactin, salmocheline and yersiniabactin. CGH also allowed identification of some chicken 
isolates similar to the avian pathogenic E. coli (APEC) pathotype based on the detection of 
specific avian virulence factors. No clustering of chicken isolates was observed based on the 
diet type although isolates from the same farm often clustered together. However, statistical 
analysis suggests that feed formulation can exert pressure for selection of some virulence and 
iron related genes among commensal E. coli in the gut of broiler chickens. 
The secondary type three secretion system (T3SS-2) is normally found in 0157:H7 and is 
homologous to the Salmonella typhimurium T3SS found on pathogenicity island SPI-1 
(Makino et al., 2003). In avian septicemic E. coli strains (SEPEC), a degenerate T3SS-2 
named ETT2sepsis was reported and the importance of this secretion system in their 
pathogenesis was demonstrated. Compared to the T3SS-2 found in 0157:H7, the ETT2sepsjS 
system is characterized by a large deletion and truncated eiv genes (Ideses et al, 2005). 
Genetic variation in T3SS-2 was revealed among the chicken isolates by our CGH study 
indicating that some strains may have an incomplete system such as in case of ETT2sepsis- The 
presence (in whole or part) or the absence of this secretion system seemed to be a genetic 
characteristic that allowed differential clustering of the chicken isolates in our study. The role 
of T3SS-2 in E. coli pathogenesis still remain to be elucidated especially since this secretion 
system is also entirely or partially found in non-pathogenic strains (Ren et ai, 2004). 
However, a recent study demonstrated that the EtrA and EivF from the T3SS-2 of 0157:H7 
regulate expression of genes outside of this cluster including genes of LEE (Zhang et al., 
2004) and this may also be the case for some of the chicken isolates studied here. 
Among all E. coli chicken isolates, two LEE positive isolates (ECC-199-1 and ECC-Litt-3-1) 
were identified by CGH. These isolates represent probably the same strain as they were 
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isolated from the same farm. LEE is a pathogenicity island that encodes the structural, 
regulator and effector proteins of T3SS found in EPEC (enteropathogenic E. coli) and EHEC 
(enterohemorragic E. coli) strains (Kaper et al, 2004). The eaeA gene is part of the T3SS 
locus and encodes an important adhesin (intimin) responsible for the tight binding of bacteria 
to intestinal cells. It is possible that this secretion system allows such strains to reach 
different tissues and host. Although not genetically associated with LEE, NleA (non-LEE 
encoded effector A) is a virulence factor translocated into the host cell via T3SS (Gruenheid et 
al., 2004). Interestingly, nleA was also found in our LEE positive isolates. Moreover, the 
absence of the T3SS-2 reinforces the hypothesis that these LEE positive chicken isolates are 
potentially virulent especially that T3SS-2 normally encompasses EtrA and EivF that are a 
LEE regulator that negatively affects transcription of T3SS genes (Zhang et al., 2004). 
Additionally, several avian virulence factors (traT, tsh, vat, hlyFavia„, iss, cvaABC, cvi) and 
iron-related genes associated with pathogenic bacteria were also detected in both of the LEE 
positive chicken isolates. We suspect that these isolates (ECC-199-1 and ECC-Litt-3-1) 
represent the same strain as they were isolated from the same farm and we suggest that this E. 
coli strain may have a high pathogenic potential. 
Aerobactin, yersiniabactin and salmocheline are siderophores associated with pathogenic 
bacteria and have been found in APEC strains (Johnson et al., 2006b; Ewers et al., 2007). The 
SitABCD {Salmonella iron transport) and EitABCD (E. coli iron transport) systems have been 
recently identified on APEC plasmids (Johnson et al., 2006a; Johnson et al., 2006b). We 
found both of these systems in 69% of the chicken isolates. Interestingly, the iron acquisition 
genes chuA (heme receptor), jyuA (yersiniabactin receptor), iroN (salmocheline receptor), 
iucD (aerobactin synthesis) and sitB were found in APEC but also in UPEC and NMEC (new 
born meningitis-causing E. coli) strains (Ewers et al., 2007). In this study, detection of many 
of these important iron uptake systems by CGH suggested a pathogenic potential of the 
chicken isolates recovered from healthy chickens. 
We established that, although the sorbitol-negative, non-0157 E. coli were isolated here from 
the gut of apparently healthy broiler chickens, they were armed with numerous factors to 
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colonized extra-intestinal tissues and possibly cause avian infections such colibacillosis. This 
constitute a management nightmare and possibly a costly disease for producers. In addition to 
the virulence and iron-related genes that were found, it was also demonstrated that some 
isolates, all from farms using the feed company C, could probably be classified as APEC 
members due to presence of a conserved region of plasmid pAPEC-02-ColV. 
Recently, the nucleotide sequence of plasmid pAPEC-02-ColV became available and genes 
encoding numerous virulence factors and iron transport systems were identified. A conserved 
region (sitA - cvaC5') of this plasmid was identified to be highly prevalent (75%) among 
APEC strains but not in the commensal E. coli isolates of the avian host. This putative 
virulence region was suggested to represent a distinctive characteristic of APEC strains 
(Johnson et ah, 2006b). The variable region found among APEC strains between cvaB3' and 
eitB (Johnson et ah, 2006b) may explain this absence of hybridization to cvaB3\ cvaC and 
tsh. Interestingly, genes associated with the pAPEC-02-ColV plasmid were absent in ten 
chicken isolates that also did not possess iron uptake systems associated with pathogenic 
bacteria. 
Genes found on the pAPEC-02-ColV plasmid may also be found on PAIs or non-ColV 
plasmids. Recently, the plasmid pAPEC-Ol-ColBM was sequenced and a high similarity was 
found with pAPEC-02-ColV (Johnson et a!., 2006a). Hence, pAPEC-Ol-ColBM and/or 
pAPEC-02-ColV may be present in our isolates although APEC virulence determinants could 
also be chromosomally encoded. 
Research on APEC allowed identification of numerous virulence factors associated with this 
pathotype but their role in pathogenesis is not well understood (La Ragione and Woodward, 
2002) rendering difficult the control of colibacillosis. In addition, the presence of APEC in 
avian production could be problematic considering their multiple antibiotic resistance. The 
development and spread of antibiotic resistance through transfer of plasmid and transposon, 
chromosomal exchange or mutation presents a significant challenge in broiler chicken 
productions. Furthermore, these isolates may be shed in the environment and subsequently to 
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farm workers and throughout the processing plant and act as a reservoir for antibiotic 
resistance genes that could be acquired by other microorganisms and transmission of E. coli 
strains and their plasmids from chickens to humans may occur (Levy et al., 1976; Van Den 
Bogaard et al., 2001). Remarkably in this study, CGH allowed identification of four multi-
resistant and genetically distinct APEC-like strains that were all isolated from apparently 
healthy raised in farms using feed company C. Whether or not the type of feed truly favors 
the selection of specific pathogenic strains still need further demonstration. 
APEC strains are members of ExPEC which also includes human UPEC and NMEC (new 
born meningitis-causing E. coli) (Kaper et al., 2004). Recently, it was demonstrated that 
APEC strains were closely related to UPEC suggesting that some APEC can be zoonotic 
agents and source of human UPEC (Johnson et al., 2007; Ewers et al., 2007). Additionally, it 
was shown that acquisition of pAPEC-02-ColV by a commensal E. coli enhances its ability to 
colonize murine kidney and to grow in human urine and that pAPEC-02-ColV can contribute 
to the urovirulence of E. coli (Skyberg et al., 2006). Thus, we can speculate that the E. coli 
isolates from healthy broiler chickens harbor APEC and ExPEC virulence factors. 
The mutS-rpoS intergenic region is well recognized to be a hot spot for insertion and/or 
deletion of genetic elements (LeClerc et al., 1996) and to be polymorphic among E. coli 
strains (Herbelin et ah, 2000). Insertion of ygbUKLMN was reported for K12 and the E. coli 
Reference Collection (ECOR) of group A whereas yclC, padl and slyA were found in E. coli 
0157:H7 strains (Herbelin et al, 2000). Presence of both set of genes was reported in EPEC 
and non-0157 EHEC strains (Herbelin et al, 2000) indicating the pathogenic potential of the 
chicken isolates. Our CGH analysis detected the presence of such genes and illustrated the 
strong polymorphism associated to the mutS-rpoS region in commensal E. coli from healthy 
chickens. The presence of the typical 0157 mutS-rpoS associated genes {yclC,padl and slyA) 
in the genome of chicken isolates is intriguing and their roles in pathogenesis remain to be 
investigated. 
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In summary, CGH provided a rapid approach to detect several virulence genes in commensal 
E. coli isolates from chickens and to identify strains potentially harmful to either chickens 
(APEC) or humans. Our results also suggested that feed formulation may change the 
distribution of virulence and iron acquisition genes among commensal E. coli. Overall, the 
importance of sorbitol-negative, non-0157 E. coli in chicken production should not be under-
estimated as they represent an important zoonotic risk. These isolates may be shed from 
chickens in the environment and may act as a reservoir for virulence and antibiotic resistance 
genes. This study did not analyze sorbitol-positive E. coli isolates that could also be zoonotic. 
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CONCLUSION 
Mon projet de recherche s'inscrit globalement dans un cadre de sante publique et visait entre 
autres a mieux comprendre les pressions selectives engendrees par les methodes de production 
animale actuelles (promoteurs de croissance) afin de reduire la prevalence de 1'excretion 
fecale de souches pathogenes chez les animaux d'elevage destines a la consommation 
humaine. La comprehension de cette dynamique vise ultimement a diminuer les infections 
humaines acquises via les pathogenes d'origine alimentaire soit par l'ingestion de produits 
alimentaires contamines ou via une contamination environnementale. 
Notre etude, ayant pour but d'analyser l'effet de promoteurs croissance sur la microflore 
bovine, a permis de demontrer l'absence de E. coli 0157:H7 chez les bovins non traites 
contrairement aux bovins ayant recu des promoteurs de croissance. Nous avons demontre que 
l'utilisation de promoteurs de croissance (Revalor-S [implant hormonal], Rumensine 
[ionophore] et Liquamycine [oxytetracyline]) favorise la presence de E. coli 0157, incluant les 
0157 hypermutables et resistants aux antibiotiques chez le bovin de boucherie. 
Malgre l'impact positif des promoteurs de croissance au niveau des performances bovines et 
de la diminution de l'excretion fecale de certains genres bacteriens pathogenes {Yersinia et 
Campylobacter) chez les bovins traites, l'utilisation des ces composes est associee a la 
presence de E. coli 0157:H7 resistantes aux antibiotiques et hypermutables. Sans aucun 
doute, nos recherches soulevent plusieurs questions concernant les methodes actuelles de 
production bovines, mais l'elimination des promoteurs de croissance en production bovine est 
difficile a justifier pour l'instant. Pour des raisons de sante publique et d'innocuite alimentaire 
d'autres recherches exhaustives sont primordiales dans ce domaine afin d'identifier les 
facteurs de risques associes a la presence des bacteries enteropathogenes chez le bovin de 
boucherie. Puisqu'aucune relation claire n'a pu etre etablie entre la presence de E. coli 
0157:H7 chez le bovin et l'utilisation d'un promoteur specifique, il serait particulierement 
interessant de repeter l'etude avec un nombre plus important de bovins. Cette demarche 
pourrait possiblement permettre de cibler precisement le ou les promoteurs de croissance ayant 
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un role determinant a jouer dans la selection des souches 0157:H7. Ultimement, ces 
recherches pourraient exercer une pression non negligeable sur l'industrie bovine conduisant a 
une modification des methodes d'elevage au Quebec et au retrait eventuel des promoteurs de 
croissance. 
Dans un deuxieme temps, mes travaux ont permis de demontrer que les souches 0157:H7 
d'origine bovine et humaine sont genetiquement distinctes bien qu'elles possedent le meme 
potentiel de virulence (meme genes de virulence). L'utilisation de la genomique comparative 
par puces a ADN a egalement mis en evidence la presence d'une soviche 0157 bovine 
atypique avec un potentiel de virulence particulier caracterise par un systeme de secretion de 
type III incomplet et l'absence du plasmide p0157. 
Une autre phase de mon projet de doctorat a permis de rencherir le fait que les souches 
0157:H7n'ont pas toutes le meme pouvoir de virulence. Generalement, les souches 
0157:H7 bovines semblent etre plus cytotoxiques pour les cellules Vero que les souches 
humaines. Toutefois, independamment de leur origine, les souches 0157:H7 qui possedent le 
gene stx2 seulement (sans stxl) semblent etre plus cytotoxiques. Le variant stx2c a ete 
identifie chez toutes les souches bovines testees tandis que les souches humaines possedaient 
le variant stx2. De plus, la souche bovine 0157 atypique est faiblement cytotoxique ce qui 
concorde avec l'absence des genes stx dans son genome, mais suggerant la presence d'autres 
facteurs de virulence. L'utilisation d'un modele porcin de culture de tissus ex vivo a permis de 
demontrer que Padhesion de la souche 0157 atypique aux enterocytes se fait selon un patron 
tres particulier sans piedestal et A/E lesions (contrairement aux souches 0157:H7), mais 
accompagne par un effacement tres marque des microvillosites. 
Le controle de 0157:H7 chez le bovin de boucherie est une tache difficile etant donne qu'il 
n'existe pas de moyens efficaces afin de prevenir la colonisation des animaux et que les 
bovins porteurs sont asymptomatiques. Par consequent, 1'identification de facteurs de 
virulence essentiels, mais non identifies pour l'instant, pourrait permettre la decouverte de 
cibles therapeutiques se soldant par le developpement d'un vaccin destine aux bovins et/ou 
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aux humains. La mise au point de nouveaux outils de diagnostique moleculaire permettant la 
detection des souches 0157:H7 d'origine bovine pouvant etre pathogenes pour l'humain . 
Dans le but d'ameliorer la sante publique, nos efforts doivent etre regroupes afin de mieux 
comprendre la pafhogenese de 0157:H7 et ainsi diminuer les infections humaines a 0157:H7 
afin d'eviter que des tragedies comme celle de Walkerton ne se reproduisent plus. 
D'autre part, nous avons demontre certaines associations entre l'utilisation d'une ration 
alimentaire specifique contenant des antibiotiques et la presence de genes de virulence et de 
transport du fer chez les souches d'is. coli aviaires isolees de poulets sains. Ces travaux ont 
aussi demontre que les souches d'E. coli commensales isolees de poulets sains ne devraient 
pas etre sous-estimees et devraient etre considerees comme un reservoir de genes de virulence 
et de resistance aux antibiotiques. En plus, certaines de ces souches possedent des genes de 
virulence similaires a ceux retrouves chez les souches d'E. coli aviaires pathogenes (APEC). 
D'autres etudes seraient importantes a realiser afin de demontrer de facon significative 
l'association entre un antibiotique utilise comme promoteur de croissance et la presence de 
facteurs de virulence chez les souches commensales isolees de poulets de gril. 
Bien qu'aujourd'hui les connaissances sur les promoteurs de croissances sont relativement 
bonnes, il reste encore plusieurs etapes a franchir et de recherches a realiser afin de mieux 
comprendre les pressions qu'exercent, au niveau moleculaire, ces composes sur les pathogenes 
d'origine alimentaire et les consequences engendres par ceux-ci sur la sante humaine. De nos 
jours, les antibiotiques font partie integrante de la salubrite des produits destines aux 
consommateurs, ainsi que de la protection de la sante des animaux. Avant l'adoption d'un 
reglement qui interdirait l'utilisation des antibiotiques, il faudrait, apres une devaluation 
approfondie, s'assurer qu'il y ait des options pour conserver la sante, le bien-etre des animaux, 
la salubrite des aliments, la sante humaine et la productivite au niveau actuel ou mieux encore. 
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ANNEXE 1 
La technologie des puces a ADN 
En realite, une puce a ADN correspond a une lame de verre ou sont imprimes, a tres haute 
densite, des produits PCR ou des oligonucleotides. Plusieurs compagnies offrent des puces a 
ADN soient sous forme complete (sequence entiere du gene) ou sous forme partielle 
(oligonucleotides de 25 paires de bases et plus). Les puces offertes ciblent de nombreux 
organismes tant procaryotes qu'eucaryotes. Affymetrix" (Santa Clara, CA) est une compagnie 
se specialisant, en autre, dans la fabrication de puces sous forme de courtes sequences 
(oligonucleotides d'environ 25 paires de bases) permettant d'etudier le genome entier d'un 
organisme. Cette compagnie offre egalement des puces permettant de couvrir l'ensemble des 
genes retrouves chez diverses souches de la meme espece. Par exemple, la puce GeneChip 
E. coli Genome 2.0 Array couvre le genome de trois souches d'E. coli pathogenes (EDL933, 
Sakai, CFT073) et d'une souche non pathogene (K12). La technologie Affymetrix est tres 
fiable, mais ces puces sont malheureusement assez dispendieuses. Les puces a ADN peuvent 
egalement etre fabriquees en amplifiant par PCR les genes selectionnes. 
A partir des produits PCR ou des oligonucleotides purifies, on procede a l'impression de la 
puce sur une lame de microscope traitee de facon a permettre la liaison des acides nucleiques. 
L'impression s'effectue a l'aide d'un robot permettant l'automatisation du procede et la 
reproductibilite des resultats. Chaque point imprime correspond a un gene et generalement 
chaque gene est imprime en triplicata. 
La technologie des puces a ADN appliquee a la genomique comparative permet d'obtenir 
1'empreinte d'un genome bacterien. Pour realiser les experiences de genomique comparative, 
l'ADN genomique est extrait, purifie et ensuite marque a l'aide de fluorophore. Le marquage 
peut se derouler de facon directe ou indirecte. A cette etape, l'ADN genomique fluorescent 
est appele «sonde». Lorsque les puces ont ete conditionnees (lavages et blocage), on peut 
proceder a l'hybridation des sondes. Suite a une periode incubation, on procede a des lavages 
221 
d'une stringence croissante afin d'eliminer les liens non-specifiques. La fluorescence est 
ensuite quantifiee a l'aide de lasers et l'intensite de chaque point est normalisee par un logiciel 
informatique indiquant si un gene est absent ou present. La technique de genomique 
comparative est basee sur la complementarite entre deux sequences d'ADN. Lorsque la sonde 
est complementaire a la sequence imprimee sur la puce, il y aura une forte hybridation et les 
lavages ne permettront pas de separer les deux segments. Par contre, si les deux sequences ne 
sont pas complementaires, l'hybridation sera plus faible ou totalement absente. Bien que la 
validite de la genomique comparative ait ete prouvee au cours de nombreuses etudes, cette 
technique comporte quelques lacunes selon le type de puces utilise. Dans certains cas, on ne 




Les phases d'elevage en production aviaire et bovine 
Avant l'arrivee des animaux (poulet ou bovin de boucherie), il est primordial que l'etable soit 
bien nettoyee, lavee a l'eau chaude avec une forte pression et finalement desinfectee. Ce 
traitement s'effectue 1 a 2 jours avant l'arrivee des animaux afin que l'etable soit bien seche 
avant l'arrivee des betes. On recouvre le sol, generalement en beton, de litiere propre selon 
une epaisseur standard. Par la suite, les producteurs peuvent accueillir les animaux en 
respectant un nombre maximal d'animaux par m . Les animaux doivent avoir un acces facile 
aux mangeoires ou un grain de haute qualite est depose et peuvent s'y nourrir a volonte. 11 en 
est de meme pour les abreuvoirs ou une eau d'excellente qualite est donnee aux animaux. Les 
besoins nutritionnels des animaux varient avec l'age ce qui implique que les rations 
alimentaires (ration de demarrage [starter], de croissance [grower] et de finition [finisher]) 
varient de facon a assurer les besoins nutritionnels des animaux selon leur stade de croissance. 
Tout juste apres l'eclosion des oeufs, les poussins (45-50 g) sont places a l'etable jusqu'a ce 
que leurs points d'atteigne 1.8 a 2 kg soit pendant environ 40 jours ou ils auront atteint le stade 
adulte de poulets de gril (broiler chicken). Dans l'etable qui accueille les poussins, la 
luminosite ainsi que la duree de l'eclairage sont ajustes en fonction de l'age des animaux. 
L'admission des veaux aux pares d'engraissement se fait approximativement vers l'age de 3 
mois. A ce stade, les bouvillons pesent environ 350 kg. Leur passage a l'etable dure entre 
165 a 180 jours ce qui leur permet d'atteindre un poids se situant entre 600 et 700 kg. 
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ANNEXE 3 
Les parametres zootechniques en production animate 
Les parametres zootechniques sont des mesures qui permettent d'evaluer la productivity 
(efficacite) et la rentabilite d'un elevage. La mesure du poids corporel n'est pas 
particulierement interessante pour le producteur. Toutefois, cette valeur revele des indices 
permettant une bonne gestion de l'elevage puisqu'un bovin ou un poulet avec de l'embonpoint 
peut, ulterieurement, avoir des problemes aux pattes et/ou au cceur. Par contre, la mesure du 
gain de poids quotidien, est tres pertinente puisqu'elle indique au producteur la vitesse de 
croissance des animaux. Les producteurs sont egalement tres interesses par la prise 
alimentaire qui mesure la consommation journaliere d'un animal. Cette mesure est utilisee 
pour calculer l'efficacite alimentaire (consommation / gain de poids) qui represente la quantite 
d'aliments consommee necessaire a l'animal pour augmenter son poids corporel d'une unite. 
Une faible efficacite alimentaire est rentable pour le producteur, car l'animal ne consomme 
pas beaucoup d'aliment et il prend rapidement du poids reduisant ainsi les couts associes a 
l'elevage de cet animal. 
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ANNEXE 4 
Classification de la viande bovine 
Contrairement a l'inspection visant a controler la salubrite alimentaire, la classification de la 
viande est facultative et est assuree par l'Agence canadienne de classification du boeuf, un 
l'organisme independant. La viande bovine produite au Canada est classee selon les normes 
etablies par le gouveraement federal. La classification de la viande s'effectue selon le degre 
de persillage (minces filets de gras parcourant les fibres musculaires) de la viande. On utilise 
ce critere pour classer la viande, car le persillage ameliore la qualite de la viande la rendant 
savoureuse, tendre et juteuse. Le classement Canada «A» de la viande est divise en 4 
categories : Canada Prime (persillage legerement abondant), Canada AAA (persillage peu 
abondant), Canada AA (persillage tres peu abondant) et Canada A (traces de persillage). Seul 
les carcasses classees Canada «A» peuvent etre evaluees pour leur rendement en viande 
maigre. Le classement s'effectue en 3 categories : categorie Al (59% ou plus de viande 
maigre), categorie A2 (54-58% de viande maigre) et categorie A3 (53% ou moins de viande 
maigre). II existe aussi les categories Canada B, D et E (bovins adultes destines a la 
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